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Check the safety of your mains/equipment! 
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INTERFACE, PIC N’ MIX, NET 


New 8-bit Microcontrollers with integrated 
configurable logic in 6- to 20-pin packages 


Microchip’s new PIC10F/LF32X and PIC12/16F/LF150X 8-bit 
microcontrollers (MCUs) let you add functionality, reduce size, and 
cut the cost and power consumption in your designs for low-cost 

or disposable products, with on-board Configurable Logic Cells 
(CLCs), Complementary Waveform Generator (CWG) and Numerically 


Controlled Oscillator (NCO). é we 


The Configurable Logic Cells (CLCs) give you software control of 
% : : ; : , PICDEM™ Lab Development 
combinational and sequential logic, to let you add functionality, cut your Kit- DM163045 
external component count and save code space. Then the Complementary 
Waveform Generator (CWG) helps you to improve switching efficiencies 
across multiple peripherals; whilst the Numerically Controlled Oscillator 
(NCO) provides linear frequency control and higher resolution for 
applications like tone generators and ballast control. 


PIC16F193X ‘F1’ Evaluation 
PIC10F/LF32X and PIC12/16F/LF150X MCUs combine low current ore 
consumption, with an on-board 16 MHz internal oscillator, ADC, 
temperature-indicator module, and up to four PWM peripherals. All 


packed into compact 6- to 20-pin packages. 


a 


PICkit™ Low Pin Count Demo 
Go to www. microchip.com/get/eunew8bit annie 
to find out more about low pin-count Free CLC Configuration Tool: 
PIC® MCUs with next-generation peripherals wwwamicrochip.com/get/euclctool 
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Projects and Cireuitts 


DIGITAL INSULATION METER byJ im Rowe 
Build a meter to check the insulation on electrical and electronic equipment 


DUAL TRACKING +0V TO 19V POWER SUPPLY - PART 1 
by Nicholas Vinen 
A high quality linear bench supply with current limiting and digital display 


SOLAR-POWERED LIGHTING CONTROLLER - PART 2 byJ ohn Clarke 
How to high build our solar lighting system with MPPT and three-stage charging 


Series and Features 


TECHNO TALK by Mark Nelson 
Blooming marvellous 


J UMP START by Mike and Richard Tooley 
Electronics for newcomers - Quiz Machine 


EQUIPMENT REVIEW by Robert Penfold 
Picoscope 2205 MSO PC oscilloscope 


PIC N’ MIX by Mike Hibbett 
More on Altitude Display, and creating a video driver 


CIRCUIT SURGERY by lan Bell 
On the buffers 


MAX'S COOL BEANS by Max The Magnificent 
It's all in the genes... Next generation 


INTERFACE by Robert Penfold 
LM335Z Temperature Sensor 


NET WORK by Alan Winstanley 
Blackberry way... The art of Zenbooks... Still in the slow lane... 
Home is where you hang your @... 


Regulars and Services 


EDITORIAL 
Keep your computer safe 


NEWS - Barry Fox highlights technology's leading edge 
Plus everyday news from the world of electronics 


SUBSCRIBE TO EPE and save money 
EPE BACK ISSUES Did you miss these? 


MICROCHIP READER OFFER 
EPE Exclusive - Win one of five Microstick Il Hardware Platforms 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


READOUT - Matt Pulzer addresses general points arising 
EPE PIC RESOURCES CD-ROM V2 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, plus more CD-ROMs 


EPEPEB SERVICE 
PCBs for EPE projects 


ADVERTISERS INDEX 
NEXT MONTH! - Highlights of next month’s EPE 


Readers’ Services ¢ Editorial and Advertisement Departments 
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QUASAR 


Solutions for Home, Education & industry Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU121) £24.95 
Leads: Parallel (_DC136) £3.95 / Serial 
(LDC 441) £3.95 / USB (LDC644) £2.95 


7 USB/Serial connection. 
# Header cable for ICSP. 

H| Free Windows XP soft- 

» ware. See website for PICs 

supported. ZIF Socket and 

USB lead extra. 18Vdc. 

Kit Order Code: 3149EKT - £49.95 

Assembled Order Code: AS3149E - £59.95 

Assembled with ZIF socket Order Code: 

AS3149EZIF - £74.95 


USB PIC programmer for a wide Usha 
range of Flash & OTP devices— 
see website for details. Free Win- 
dows Software. ZIF Socket and 
USB lead not included. Supply: 
16-18Vdc. 

Assembled Order Code: AS3150 - £49.95 
Assembled with ZIF socket Order Code: 
AS3150ZIF - £64.95 


Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £28.95 

Assembled Order Code: AS3123 - £39.95 


Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and 1rewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 
Assembled Order Code: AS3081 - £24.95 


Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC™ microcon- 
trollers. Requires PC 
serial port. Windows 
interface supplied. 

Kit Order Code: K8076KT - £39.95 


01279 


Credit Card 
Sales 


The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa- 
tional experiments, such as 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £39.95 
Assembled Order Code: VM111 - £59.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU303 £9.95 


5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055KT - £39.95 
Assembled Order Code: VM110 - £64.95 


State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- 
cludes one Tx but more avail- « : 
able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 

Kit Order Code: 3180KT - £54.95 

Assembled Order Code: AS3180 - £64.95 


Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
oo 200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £24.95 
Assembled Order Code: AS3145 - £31.95 
Additional DS1820 Sensors - £4.95 each 


Place next to a mobile phone (not . 
included). Allows toggle or auto- 
timer control of 3A mains rated} 
output relay from any location j 
with GSM coverage. 

Kit Order Code: MK160KT - £14.95 


Eas 


467799 


Call your phone num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any & 
of the 4 relays as de- - 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 
Assembled Order Code: AS3140 - £94.95 


Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 
in a variety of control and we 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 
Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108 - £89.95 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 


Kit Order Code: 3142KT - £64.95 
Assembled Order Code: AS3142 - £74.95 


Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 


Detect DTMF tones from 
tape recorders, receivers, 
two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 
16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU303). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £37.95 

Assembled Order Code: AS3153 - £49.95 


“A 


3 independent high power 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 3191KT - £27.95 

Assembled Order Code: AS3191 - £37.95 


Here are a few of the most recent products 


added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Ree e Sts 
4 channel computer 
serial port temperature 
monitor and relay con- 
troller with four inputs 
for Dallas DS18S20 or 
DS18B20 digital ther- 
mometer sensors (£3.95 each). Four 5A 
rated relay channels provide output control. 
Relays are independent of sensor channels, 
allowing flexibility to setup the linkage in any 
way you choose. Commands for reading 
temperature and relay control sent via the 
RS232 interface using simple text strings. 
Control using a simple terminal / comms 
program (Windows HyperTerminal) or our 
free Windows application software. 

Kit Order Code: 3190KT - £84.95 
Assembled Order Code: AS3190 - £99.95 


40 Second Message Recorder 
Feature packed non-volatile 2 
40 second multi-message 
sound recorder module us- 
ing a high quality Winbond 
sound recorder IC. Stand- . 
alone operation using just six onboard but- 
tons or use onboard SPI interface. Record 
using built-in microphone or external line 
in. 8-24 Vdc operation. Just change one re- 
sistor for different recording duration/sound 
quality. sampling frequency 4-12 kHz. 

Kit Order Code: 3188KT - £29.95 
Assembled Order Code: AS3188 - £37.95 
120 second version also available 


Bipolar Stepper Motor Chopper Driver 
Get better performance from 
your stepper motors with this 
dual full bridge motor driver 
based on SGS Thompson 
chips L297 & L298. Motor 
current for each phase set 
using on-board potentiometer. Rated to han- 
dle motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply voltage. 
Provides all basic motor controls including full 
or half stepping of bipolar steppers and direc- 
tion control. Allows multiple driver synchroni- 
sation. Perfect for desktop CNC applications. 
Kit Order Code: 3187KT - £39.95 

Assembled Order Code: AS3187 - £49.95 


Video Signal Cleaner 
Digitally cleans the video 
signal and removes un- 
wanted distortion in video ' 
signal. In addition it stabilises 
picture quality and luminance fluctuations. 
You will also benefit from improved picture 
quality on LCD monitors or projectors. 

Kit Order Code: K8036KT - £32.95 
Assembled Order Code: VM106 - £49.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 


Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 
almost any common 
DC motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £19.95 

Assembled Order Code: AS3067 - £27.95 


Computer Controlled / Standalone Unipo- 
lar Stepper Motor Driver 
Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper 
motor rated up to 6 Amps. 
Provides speed and direc- 
tion control. Operates in stand-alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £16.95 
Assembled Order Code: AS3179 - £23.95 


Computer Controlled Bi-Polar a a 
Motor Driver , 

Drive any 5-50Vdc, 5 Amp 1 
bi-polar stepper motor using Y @, i 
externally supplied 5V lev- 
els for STEP and DIREC- 
TION control. Opto-isolated 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 


Bidirectional DC Motor Speed Controller 
Control the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re- 
verse direction. The 
range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 

Kit Order Code: 3166v2KT - £23.95 
Assembled Order Code: AS3166v2 - £33.95 


¥ 


AC Motor Speed Controller (600W) 
Reliable and simple to 

install project that allows 

you to adjust the speed of 

an electric drill or 230V AC 

single phase induction 

motor rated up to 600 

Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suit- 
able for use with brushless AC motors. 

Kit Order Code: 1074KT - £15.95 
Assembled Order Code: AS1074 - £23.95 


See www.quasarelectronics.com for lots 
more motor controllers 
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Card 
Sales 
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QUASAR 


electronics 


The Electronic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


500-in-1 Electronic Project Lab 
Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £199.95 

Also available: 30-in-1 £19.95, 50-in-1 
£29.95, 75-in-1 £39.95 £130-in-1 £49.95 & 
300-in-1 £89.95 (see website for details) 


Tools & Test Equipment 


We stock an extensive range of soldering 


tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Advanced Personal Scope 2 x 240MS/s 
Features 2 input chan- ; 

nels - high contrast LCD ae 

with white backlight - full 
auto set-up for volt/div 
and time/div - recorder 
roll mode, up to 170h per 7 
screen - trigger mode: _— 
run - normal - once - roll ... - adjustable trig- 


ger level and slope and much more. 
Order Code: APS230 - £499-95 £399.95 


Personal Scope 10MS/s 

The Personal Scope is not a 

graphical multimeter but a com- 

plete portable oscilloscope at the 

size and the cost of a good mul- 

timeter. Its high sensitivity - down 

to 0.1mV/div - and extended 

scope functions make this unit 

ideal for hobby, service, automo- 

tive and development purposes. Because of 
its exceptional value for money, the Personal 
Scope is well suited for educational use. 
Order Code: HPS10 - £18995 £159.95 


See website for more super deals! 


i www.quasarelectronics.com 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 


Everyday Practical Electronics 


FEATURED KITS 


June 2012 


Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon Chip Magazine 
Australia. These projects are ‘bullet proof’ and already tested Down Under. All Jaycar kits are supplied with specified board 


components, quality fibreglass tinned PCBs and have clear English instructions. Watch this space for future featured kits. 


SLA Battery Health Checker Kit 


KC-5482 £29.00 plus postage & packing 
The first versions of the battery zapper included a 
checker circuit. The Mk III battery zapper (KC-5479) 
has a separate checker circuit 
- and this is it. It checks the 
health of SLA batteries prior 
to charging or zapping with 
a simple LED condition 
indication of fair, poor, 

good etc. 


° Overlay PCB and electronic 
components 
© Case with machined 
and silk-screened 
front panel 
¢ PCB Dimensions: 
185(L) x 101(W)mm 


AUTOMOTIVE KITS 


G-Force Meter Kit 
KC-5504 £18.25 plus postage & packing 
Measure the g-forces on your vehicle and it's 
occupants during your next lap around the race 
circuit, or use this kit to encourage smoother driving 
to save petrol and reduce wear & tear. Forces (+/- 
2g) are displayed on the 4-digit LED display. Also 
use it to measure g-forces on a boat crashing over 
waves or on a theme park thrill ride. Kit includes 
PCB with pre-mounted SMD component, 
pre-programmed microcontroller and all 
onboard electronic components. 


e Requires 2 x AA batteries 

¢ PCB: 100(L) x 44(W)mm 
Note: We supply the PCB with 

the SMD component already 
mounted on the board to save 

time and frustration. 

Featured in EPE November 2011 


Voltage Monitor Kit 

KC-5424 £8.50 plus postage & packing 
This versatile kit will allow you to monitor the 
battery voltage, the airflow meter or oxygen sensor 
in your car. The kit features 10 LEDs that illuminate 
in response to the measured voltage, preset 9-16V, 
0.-5V or 0-1V ranges, complete with a fast response 
time, high input impedance and auto dimming for 
night time driving. Kit includes PCB with overlay, 
LED bar graph and all electronic components. 


e PCB: 74(L) x 47(W)mm 
° 12VDC iq 
e Recommended box: 
UB5 use HB6015 
Featured in EPE September 2010 


Programmable High Energy Ignition Kit 
KC-5442 £25.50 plus postage & packing 
This advanced and versatile ignition system is 
suited for both two & four stroke engines. Used to 
modify the factory ignition timing or as the basis for 
a stand-alone ignition system with variable ignition 
timing, electronic coil control and anti-knock sensing 
(available seperatley). 


¢ Timing retard & advance 
over a wide range 

© Suitable for single 
coil systems 

¢ Dwell adjustment 


e Single or dual mapping ranges 

e¢ Max & min RPM adjustment 

Kit includes PCB with overlay, programmed micro, 
all electronic components and die cast box 

Featured in EPE November 2009 


™ Jaycar 


Theremin Synthesiser Kit MkII 


KC-5475 £27.25 plus postage & packing 
The ever-popular « 
Theremin is better 


than ever. It's easier there BUILD 
to set up with extra test 


. ! 
points for volume SOMETHING! 


adjustment and power ~ 
supply measurement 
and it now 

runs on AC 

to avoid the 
interference 
switchmode 
plugpacks can 

cause. It's also easier 
to build with PCB-mounted switches 
and pots to reduce wiring to just the hand plate, 
speaker and antenna and has the addition of a 
skew control to vary the audio tone from 
distorted to clean. 


Don't just sit 


* Complete kit contains PCB with overlay, pre- 
machined case and all specified components 
Featured in EPE March 2011 


45 Second V. 


e Recorder Module 


KC-5454 £12.75 plus postage & pecking 
This kit has been improved and 
can now be set up easily 
to record two, four or 
eight different : 
messages for random || 
access playback or a 
single message for ‘tape 
mode’ playback. Also, it now provides cleaner and 
glitch-free line-level audio output suitable for 
feeding an amplifier or PA system. It can be 
powered from any source of 9-14VDC. 


¢ Supplied with silk screened and solder masked 
PCB and all electronic components 

e PCB: 120(L) x 58(W)mm 

Featured in EPE December 2012 


Class-T Digital Audio Amplifier Module 


AA-0228 £11.00 plus postage & packing 
Ideal for any audio enthusiast that enjoys building 
and modifying speaker systems. The 
PCB is tiny which allows you to 
incorporate it into a 
wide variety of “, 
speaker 
systems. 


e Regulated 
12VDC 2000mA 
© Size: 68(L) x 32(W)mm 


Delta Throttle Timer Kit 
KC-5373 £9.25 plus postage & packing 
This brilliant design will 


rigger a relay when a 
4 a 


he accelerator 
is pressed or 


ifted quickly. 
Used for automatic ' i oF 
ransmission switching of . i “4 


economy to power modes or 

rigger electronic blow-off valves on quick 
hrottle lifts etc. It is completely adjustable, and 
uses the output of a standard throttle position 
Featured in EPE November 2006 


Freecall order: 


O800 O3e 7e41 


Ultrasonic Antifouling for Boats 


KC-5498 £90.50 plus postage & packing 
Marine growth 
electronic 
antifouling 
systems can cost 
thousands. This 
project uses the 
same ultrasonic 
waveforms and 
virtually identical eS Se 
ultrasonic transducers 

mounted in a sturdy 

polyurethane housings. By 

building it yourself (which ' 
includes some potting) you 

save a fortune! Standard unit consists of control 
electronic kit and case, ultrasonic transducer, potting 
and gluing components and housings. The single 
transducer design 

of this kit is suitable for boats up to 10m (32ft); boats 
longer than about 14m will need two transducers and 
drivers. Basically all parts supplied in the project kit 
including wiring. (Price includes epoxies). 


¢ 12VDC 

© Suitable for power or sail 

© Could be powered by a solar panel/wind generator 
¢ PCB: 104(L) x 78(W)mm 


Featured in EPE March 2012 


Now available Pre-built: 

Dual output, suitable for vessels up to 14m (45ft) 
YS-5600 £309.25 

Quad output, suitable for vessels up to 20m (65ft) 
YS-5602 £412.25 


Digital Audio Delay Kit 
KC-5506 £36.25 plus postage & packing 
Corrects sound and picture synchronization ("lip 
sync’) between your modern TV and home theatre 
system. Features an adjustable delay from 20 to 
1500ms in 10ms steps, and handles Dolby Digital 
AC3, DTS and linear PCM audio with sampling rate 
of up to 48kHz. Connections include digital S/PDIF 
and optical Toslink connections, and digital 
processing means there is no audio degradation. 
Kit includes PCB with overlay and pre-soldered SMD 
IC, enclosure with machined panels, 
and electronic components. 


¢ 9-12VDC 

e Universal IR remote 
required - use 
AR-1729 £8.75 

© PCB: 103(L) x 
118(W)mm 

Featured in EPE 

December 2011 


Deluxe Motor Speed Controller Kit 


KC-5478 £36.25 plus postage & packing 
The deluxe motor speed controller kit allows the 
speed of a 240VAC motor to be controlled smoothly 
from near zero to full speed. The advanced design 
provides improved speed regulation & low speed 
operation. Also features soft-start, interferences 
suppression, fuse protection and over-current 
protection. Kit supplied : . 

with all parts including 


pre-cut metal case. ; os 
=» 
Note: Requires “a 
UK Mains socket \ ; , — 
or adaptor. Bete." a=, 
Featured in EPE May 2011 CONTR — 
eatured in ay Hs rf | 


Arduino - Simple to Advanced Projects 


ARDUINO DEVELOPMENT KITS 


Arduino is an open-source electronics prototyping platform based on flexible, easy-to-use hardware and software. It can be used to develop interactive objects, taking 
inputs from a variety of switches or sensors, and controlling a variety of lights, motors, and other physical outputs (includes Jaycar stepper motors). Arduino projects 
can be stand-alone, or they can be communicated with software running on your computer. These Arduino development kits are 100% Arduino compatible. Designed 
in Australia and supported with tutorials, guides, a forum and more at www.freetronics.com. A very active worldwide community and resources are available with 
many projects, ideas and programs available to freely use. 


“Eleven” Arduino-compatible development board USB Droid, Arduino-compatible with USB-host support 
XC-4210 £14.50 plus postage & packing XC-4222 £25.50 plus postage & packing 

An incredibly versatile programmable board for creating projects. Easily This special Arduino-compatible board supports the Android Open Accessory 
programmed using the free Arduino IDE development environment, and can be Development Kit, which is Google's official platform for designing Android 
connected into your project using a variety of analog and digital inputs and accessories. Plugs straight into your Android device and communicates with 


outputs. Accepts expansion shields and can be interfaced with our 
wide range of sensor, actuator, light, and sound modules. 


e ATmega328P MCU running at 16MHz 
© 14 digital I/O lines (6 with PWM support) 
© 8 analog inputs 


EtherMega, Mega sized Arduino compatible 

with Ethernet 

ee eae evai uu ees & ocenie board: combining 0%, EtherTen, Arduino-compatible with Ethernet 
e ultimate network-connected Arduino-compatible board: combining x 5 

an ATmega2560 MCU, onboard Ethernet, a USB-serial converter, a XC aeNs 29-90 pits postage & packing 

microSD card slot for storing gigabytes of web server content or data, Swe” — [his Arduino-compatible development board includes 

Power-over-Ethernet support, and even an onboard switchmode Mane onboard Ethernet, a USB-serial converter, a microSD 


voltage regulator so it can run on up to 28VDC without overheating. card slot for storing gigabytes of web server content 
or data, and even Power-over-Ethernet support. 


e ATmega328P MCU running at 16MHz 

¢ 10/100base-T Ethernet built in 

e Used as a web server, remote monitoring and 
control, home automation projects 

¢ 14 digital I/O lines (6 with PWM support) 

® 8 analog inputs 


it via USB. Includes a built-in phone charger. 


e ATmega328P MCU running at 16MHz 

¢ USB host controller chip 

e Phone charging circuit built in 

¢ 14 digital I/O lines (6 with PWM support) 
© 8 analog inputs 

¢ MicroSD memory card slot 


e ATmega2560 MCU running at 16MHz, large Flash memory 
¢ 10/100base-T Ethernet built in 
e 54 digital I/O lines 

© 16 analog inputs 

¢ MicroSD memory card slot 

¢ Prototyping area 

¢ Switchmode power supply 


Getting Started with Arduino ProtoShield Basic ProtoShield Short 


BM-7130 £7.25 plus postage & packing XC-4214 £1.75 plus postage & packing XC-4248 £2.00 plus postage & packing 
This book explains what Arduino is, : 


: = A prototyping shield for the Eleven (XC-4210) and A dedicated short version 
how it works and what you can do Slt USBDroid (XC-4222) both featured above. Provides prototyping shield for EtherTen 
with it. It also includes a project to po plenty of space to add parts to and EtherMega. This special 
build, complete with how to write ~~ suit any project, keeping prototyping shield is designed 
the code to make it work. _— everything neat and self- to fit neatly behind the RJ45 


* Softcover, 118 pages. @=—= aay contained. Includes dedicated Ethernet jack, allowing you to 
216 x 140mm Boo == space to fit a power LED and stack your Ethernet-based 
‘ om supply decoupling capacitor. projects right on top with 


standard headers. 


a 


* Gold-plated surface ; ; 
e Pads available to fit a reset button 


; : * Gold-plated surface f durabilit 
OLED Display Module for Arduino Ren tee ene 
XC-4270 £18.25 plus postage & packing 5 
High resolution; full colour OLED display & IR Temperature Sensor Module for Arduino 


Arduino Modules 


We have a huge range of simple to 
advanced add-ons that provide 
input for your Arduino projects. 
Visit our website for our full 
range and more details. 


N-MOSFET Driver & 


module! Perfect for graphics, gauges, XC-4260 £12.75 plus postage & packing 
graphs, even make your own Connect this to your board and point it at a surface 
video game or interactive display. or heat source to remotely measure its 

© 16,384 full colour RGB pixels temperature. This is our special version of the 


Output Module XC-4244 £2.75 in a 128 x 128 format industrial infrared remote thermometer units 

Logic Level Converter Module XC-4238 £2.75 * Active display area 28.8 x with an onboard power supply, 

Shift Register Expansion 26.8 mm, (1.5 inch diagonal) communication support and a software 

Module XC-4240 £2.75 library and examples supplied. 

Light Sensor Module XC-4228 £3.75 Zi zi ; 

Sanna SiBusSTer XCA089 £3.75 Light Sensor Module for Arduino , 33 to BV operation ; 

Microphone Sound XC-4228 £3.75 plus postage & packing pate i Sond ce aie 

Input Module XC-4236 £3.75 This silicon light sensor outputs a voltage ‘ 

Hall Effect Magnetic & proportional to incoming light. Perfect 

Proximity Sensor Module XC-4242 £3.75 for measuring light levels both indoors ; ; . . 

Full Colour RGB LED Module XC-4234 £3.75 and out, security sensing and human H-Bridge Motor Driver Shield for Arduino 

Temperature Sensor Module XC-4230 £6.25 feedback like waving a XC-4264 £11.00 plus postage & packing 
5 _ hand over the sensor. ; ' 

3-Axis Accelerometer Module XC-4226 £7.25 Directly drive DC motors _ 

Humidity & Temperature * +/-60° field of view using your Arduino compatible 

Sensor Module XC-4246 £7.25 * Supply voltage: 3.0 to 5.5VDC board and this shield, which 


provides PWM (Pulse-Width 
Modulation) motor output on 


Post & Packing Charges HOW TO ORDER 2 H-bridge channels to let 
your board control the speed, 
Order Value Cost a ae WEB: www.jaycarelectronics.co.uk direction and power of two 
SOME EAS SO MERES sete ie PHONE: 0800 032 7241" motors independently. 
59) 60 rapa | | AK 36128521 See 
' V Track & Trace parcel EMAIL: techstore@jaycarelectronics.co.uk . 
£200 - £499.99 £30 POST: P.0. Box 107, Rydal NSW 2116 Australi e Drives up to 2A per motor channel 
£500+ £40 Note: Products are 7 le * , kycaimere ‘ MStialia e All outputs are diode and 
Max weight 550Ib despatched from “Australian Eastern Standard Time back-EMF protected 
ev Australia, so local customs (Monday - Friday 09.00 to 17.30 GMT + 10 hours) 
Minimum order £10 duty & taxes may apply. All prices in Pounds Sterling. Prices valid until 30/06/2012 


af 


Order online: www.jaycarelectronics.co.uk 


Digital Echo Chamber Kit 

A compact sound effects kit, with 
built-in mic or line in, line out or 
speaker (500mW). 4 Adjustment con- 


rols 
Power: 9Vdc 150mA 


MK182Vellemankit £11.43 
=a “a =e 


Pa a 
3rd Brake Light Flasher Kit 
Works with any incandescent or LED 
rear centre brake light. Flashes at 
7Hz for 5 or 10 times, adjustable re- 
Iriggering. 

Power: 12Vdc max load 4A 


esem (4-2 
one. our web site for 
details on the whole range, 
uta sheets, Software and more. 
www.esr.co.uk 


cebek” 


Now Available - Cebek Modules 
All modules assembled & tested. 


igital Recor ayer 
(Digital Record/Player _ 
Non volatile flash memory, Sieh 20 
sec recording via integral mic, 2W 
output to 8Q speaker. 


Power: 5Vdc 100mA 


C-9701 Cebek Module 


£7.89 


y 


Multifunction Up/Down Counter \ 
An up or down counter via on-board 

button or ext input. Time diaglley fea- 
ture. Alarm count output. 0-9999 dis- 


lay. 
Powedt 9-12Vdc 150mA 


K8035 Vellemankit £17.85 / 


2 Digital Counter 

Standard counter, 0 to 99 from 
input pulses or external signal. 
With reset input, 13.5mm Displays, 
Power: 12Vdc 90mA. 


Whe 


CD-9 Cebek Module £12.99 


MK178 V man kit £6.30  / 
= 


ital Clock Mini Kit q 
ed 7 Segment ile lly in attractive 
enclosure, automatic time base selec- 
tion, battery back-up, 12 or 24Hr 
modes. 
Power: 9Vac or de 


Nixie Clock Kit 

Gas filled nixie tubes with their dis- 

tinctive orange glow. HH:MM dis- 

ploy, automatic power sync 50/60Hz 
ower: 9-12Vac 300mA 


K8099 Vellemankit £64.96 


(1.8W Mono Amplifier 
Compact mono 1.8W RMS 40 
power stage, short circuit & re- 


verse polarity protection. 30- 
18kHz, Power: 4-14Vdc 150mA 


\E-1 Cebek Module £5.87 


MK151 Vellemankit £15.09 
> 
Proximity Card Reader Kit 


ae A simple security kit with many appli- 
be 


Mini USB Interface Board 
New from Velleman this little inter- 
face module with 15 inputs/outputs 
inc digital & analogue in, PWM 
outputs. USB Powered 50mA, Soft- 
ware supplied 


VM167 Module £26.80 


(1 20W 2 Channel Amplifier 
Mono amplifier with 2 channels (Low & 
High frequecy), 20W RMS 4Q per chan- 
cle aaitesble high level. 22-22kHz, 
short circuit & reverse polarity protection. 
Power: 8-18Vdc 2A 

Ne E-14 Cebek Module £22.11 


cations. RFID fecbnelody, activates a 
relay, either on/off or fimed, Supplied 
with 2 cards, can be used with up to 25 
cards. Power: 9Vac or de 
MK179 Vellemankit £14.25 
Running Microbug Kit 
Powered by two subminiature mo- 
tors, this robot will run towards 
an at source. Novel shape PCB 
with LED eyes. 


Power: 2 x AAA Batteries 
MK127 Velleman kit £9.02 


Thermostat Mini Kit 


x 

General purpose low cost thermostat 

kit. +5 to +30°C Easily modified tem- 

peraiure range/min/max/hysteresis e 
A Rela 

Power: 12Vde 100mA 

MK 138 Velleman Kit £4.55 


(sw Stereo Amplifier 

Stereo power stage with SW RMS 
4Q, 30-18kHz, short circuit & re- 
verse polarity protection. 

Power: 6-15Vdc 500mA 


\ES-2 Cebek Module £21.54 


200W Power Amplifier 

A high quality audio power amp, 
200w music power @ 4Q 3-200kHz 
Available as a kit without heatsink 
or module including heatsink. 
K8060 Vellemankit £12.85 
Heatsink for kit £9.95 
VM100 Module £38.54 


ag 


Velleman Function Generator 
PC Based USB controlled function 
generator 0.01Hz to 2Mhz Pre- 

efined & waveform editor, Software 
fupplied. See web site for full feature 
ist. 


PCGU1000 Velleman £118.38 


12Vdc Power Supply 
Single rail igesite power suppl 
complete with transformer. 130m 
max, low ripple, 12Vdc with adjust- 
ment. 


FE-103 Cebek Module £13.16 


(MP3 Player Kit 

Plays MP3 files from an SD card, 

supports ID3 tag which can be dis- 

pies on optional LCD. Line & 
eadphone output. Remote control 

add-on. Power: 12Vdc 100mA 


K8095 Velleman kit £39.99 


Velleman PC Scope - 
PC Based USB controlled 2 channel 

60Mhz oscilloscope with spectrum 

analyser & Transient recorder. 2 

Scope probes & software included. 

See web site for full feature list. 


PCSU 1000 Velleman £249.00 


1-180 Second Timer 
Universal timer with relay output. 
Time start upon power up or push 
button. LED indication. 5A Relay 
Power: 12Vdc 60mA 


\l-1Cebek Module £12.92 


DC to Pulse width Modulator 

A handy kit to accurately control DC 
® motors etc. Overload & short circuit 
* protection. Input voltage 2.5-35Vdc, 
: Max output 6.5A. 
-35Vdc 


K8004 Velleman kit £9.95 


Power: 


Velleman PC Scope/Generator 
PC Based USB controlled 2 channel 
oscilloscope AND Function genera- 
tor. Software included. See web site 
for full feature list. 


if 


PCSGU250 Velleman £113.67 


CyclicTimer 

Universal timer with relay output. 
Time start u on power up or pus' 
button. On & Off times 0.3-60 Sec- 
onds, LED indication. 5A Relay 
Power: 12Vdc 80mA 


1-10 Cebek Module £14.12 


(Audio Analyser Kit . 

A small spectrum analyser with LCD, 
Suitable for use on 2, 4 or 8Q sys- 
tems. 300mW to 1200W(2Q) 20- 
20kHz Panel mounting, back-lit dis- 
play. Power: 12Vdc 75mA 


\K8098 Velleman kit £31.65 


RF Remote Control Transmitter 
einale channel RF saypl transmitter 
with over 13,122 combinations. Certi- 
fied radio frequency 433.92MHz. _ 
Power: 12Vdc 2mA (inc) For use with 
TL-1,2,3,4 receivers. 


TL-5 Cebek Module £14.64 


e 


Light Detector 

Adjustable light sensor operating 
a relay. Remote sensor & termi- 
nals for remote adjustment pot. 


5A Rela 
Power: t2Vde 60mA 
1-4 Cebek Module 


@| 


£13.98 


USB DMxX Interface 

512 DMX Channels controlled by PC 
via USB. Software & case included. 
Available as a kit or ready assem- 
bled module. 


K8062 Velleman kit £47.90 
VM116 Module £67.15 


ad 


RF Remote Control Receiver 
Single channel RF receiver with relay 
output. Auto or manual code setup. 
Momentary output, 3A relay 
Power: 12Vdc 60mA For use with TL-5 
or TL-6 transmitters. 


TL-1 Cebek Module £28.25 


4 
Liquid Level Detector >) 
A liquid level operated relay. Re- 
mote sensor operates relay when 
in contact with a ate 5A Relay 
Power: 12Vdc 60m 


1-6 Cebek Module £13.08 


(USB Interface Board 

Featuring 5 in, 8 digital outputs, 2 in 
& 2 analogue outputs. Sulit with 
software. Available as a kit or ready, 
assembled module. 


K8055 Velleman kit £24.80 
\VM110 Module £34.90 


USie@ 


Keypad Access Control 

An electronic lock with up to ten 4 
digit codes. Momentary or timed (1- 
&ec/1-60min) output. Relay 5A 
HOwel: 12Vdc 100mA Keypad includ- 
ed. 


\DA-03 Cebek Module £54.26 


Thermostat 

A temerature controlled relay. Ad- 
justable between -10 to 60°C Sen- 
sor on remote PCB. Connector for 
external adjustment pot. 5A Relay 
Power: 12Vdc 60mA 


1-8 Cebek Module £12.80 


a 


8 Channel USB Relay Board 

PC Controlled 16A relays with fog 

gle, momentary or timed action. Test 
uttons included, available in a kit 

or assembled. 


K8090 Velleman kit £39.95 
VMS8090 Module £58.40 


AC Motor Controller 
A 230Vac 375W motor speed con- 
trol unit giving 33 to 98% of full 


ower. 
Bower 230Vac 


R-8 Cebek Module £12.14 


Start / Stop Relay =) 


Simple push button control of a 
relay. Either 1 or 2 button opera- 
tion 5A Rela 

Power: 12Vdc 60mA 


1-9 Cebek Module £12.83 


BCBJEquipment)i(Connectors}i[Power|suppliesEnclosures}miRelays} 
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0191 2514363 
0191 2522296 
lles@esr.co.uk 


Station Road §& GD 
Cullercoats 
ra Tyne & Wear 
NE3O 4PQ 


Prices Exclude Vat @20%. 
UK Carriage £2.50 (less than 1kg) 
per || £6.50 greater than 1kg or >£30 
Cheques / Postal orders payable to 
& visa ESR Electronic Components Ltd. 
PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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READERS’ TECHNICAL ENQUIRIES 

Email: techdept @ wimborne.co.uk 

We are unable to offer any advice on the use, purchase, 
repair or modification of commercial equipment or the 
incorporation or modification of designs published 
in the magazine. We regret that we cannot provide 
data or answer queries on articles or projects that are 
more than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped self- 
addressed envelope or a self-addressed envelope and 
international reply coupons. We are not able to answer 
technical queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. We 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You should 
not build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptor. 


COMPONENT SUPPLIES 
We do not supply electronic components or kits for 
building the projects featured, these can be supplied 
by advertisers. 

We advise readers to check that all parts are still 
available before commencing any project in a back- 
dated issue. 


ADVERTISEMENTS 

Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 

The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 
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Keep your computer safe 


Well, it had to happen. In last month’s Readout, | wrote a rather long 

and detailed explanation of why | thought Apple Mac computers were, 
on balance, safer from software nasties than Windows-based PCs. As 
luck would have it, within a week of publication the BBC ran a ‘front- 
page’ story entitled: ‘Half a million Mac computers ‘infected with 
malware’ You can read the article at: www.bbc.co.uk/news/science- 
environment-17623422. It was a salutary reminder that no computer - 
Macs included - areimmune from malicious software, email attachments, 
websites and all the other unpleasant code that can catch out the unwary. 
Please do remember to keep your computer safe, whatever brand. Alan 
Winstanley’s must-read Net Work column is the best place to get up to 
speed on safety. So, if you’ve been putting off protecting your computer, 
now is the time to follow his advice. Why not look back through past 
issues of EPE and adopt Alan’s excellent recommendations. 


There has been quite a bit of noise in the UK media recently about the 
teaching of ICT (information and communications technology). Promises 
to overhaul what most commentators agree is a stale and uninspiring 
curriculum are to be welcomed. Endless lessons in using the Internet, 
learning wordprocessing and how to give a PowerPoint presentation 
would kill the technological spirit in all but the most dedicated pupil. 


There have been calls for a ‘back-to-basics’ approach to coding, and 

the recent launch of the Raspberry Pi computer is a welcome British 
innovation that should help this sensible proposal, but beyond that there 
is adepressing lack of ambition. Surely, a country with our proud heritage 
in electronics could aim higher than programming other country’s 
computers? Who will design a future Raspberry Pi if all children are 
taught is how to use technology? Programming should be just part of the 
mix - | would like to hear a little more on ‘how to make’ technology. 


Perhaps, the state of technological education is a reflection of the people 
we elect. | used Wikipedia to look at the university education of the 
coalition government cabinet - not one secretary of state had studied 
physics, chemistry, biology, medicine, mathematics or heaven forbid, 
any kind of engineering. And this isn’t even a party political point; the 
Shadow Cabinet is equally ignorant of what makes the world go round - 
truly a depressing result. 


But let’s end on an upbeat note. This month’s packed issue of EPE is full 
of engineering goodness. Robert Penfold has written a thorough, in-depth 
review of Pico Technology’s Picoscope 6; the father and son Tooley team 
have built a fun ‘Quiz Machine’ for our new jump Start series; and of 
course, we have a silicon-filled collection of fascinating projects and 
regular features to keep you busy. 


wv 


A roundup of the latest Everyday 
News from the world of 
electronics 


ya 


‘It’s good to talk’... for less... even better for free by Barry Fox 


he price of unlocked 

smartphones and tablets is 
dropping dramatically - but they 
come with no help on how to use 
them online without signing a 
contract to pay at least £15 a month 
for a year or more. It pays to know 
some tips and tricks. 

Wi-Fi comes free 
in any house or of- 
fice with a broadband 
wireless router. In- 
stalling a Skype app 
lets the device work 
as a free phone for 
speech and video calls 
to and from other Sky- 
pe users. 

Buying Skype credit 
lets the device make 
low cost phone calls 
to ordinary phones 
and mobiles, and send 
SMS texts at low cost 
too. Receiving calls by 
Skype is impractical, 
so the trick is to usea 


pay as you go phone ny just a pretty face — with a few apps, smartphones or tablets can cut your phone bill 


SIM for incoming calls. 

Skype provides for automatic credit 
top-up using a pre-registered credit 
card; for example, users can add £10 
when remaining credit drops below 
£1, which is useful for foreign travel. 


Making use of hotspots 

Wi-Fi ‘hotspots’ at upmarket hotels 
and airports still charge pounds per 
hour. But budget hotels and most 
cafes and bars now offer free Wi-Fi. 
The Olympics will see this spread 
to tube stations and streets around 
parts of London. 

Although not yet clearly promoted, 
BT’s new BT Fon/Openzone service 
already provides free Wi-Fi roaming 
for anyone who has BT Broadband at 
home or in the office. The user’s pass- 
word works with BT Wi-Fi signals 


coming from third-party home rout- 
ers, BT callboxes and hotspots. 

A free BT Fon app for a mobile au- 
tomatically finds a working BT hot- 
spot and connects to it. 

A 3G data connection is, of course, 
needed for Internet access ‘in the 
wild’. TheSIM can slot into the mobile 


device, USB dongle or pocket hotspot 
like the Huawei Mi-Fi, which connect 
to a 3G data network and radiates the 
connection by Wi-Fi. 


Pay as you go options 

All the cellphone networks now sell 
pay-as-you-go (PAYG) SIMs for un- 
locked phones, but these are predom- 
inantly intended for speech and text, 
sometimes with a little data thrown 
in. For example, £3 a month buys a 
‘bolt-on’ for an O2 PAYG phone SIM 
that delivers 100M B of ‘free’ data. Or 
£5 (paid online) buys 150MB with 
a Three PAYG SIM. This lasts three 
months before expiry, and is enough 
for checking email, googling a few 
facts and pulling down a few maps 
for GPS locating. 


The new free Lebara PAYG SIMs, 
with minimum £5 speech top up, 
deliver 10MB a day either free, or 
for 50p a day, depending on which 
of Lebara’s puzzling and conflicting 
advice notes proves to be correct. 

So far, no phone SIM will work in 
a USB dongle or Mi-Fi device. The 
sneaky way round this 
is to use a Smartphone 
with a hotspot option, 
or install Joiku  soft- 
ware. The phone then 
behaves like a Mi-Fi, 
which other devices 
can use to get a Wi-Fi 
connection. 

To get a mobile broad- 
band SIM intended for 
usein adongleor Mi-Fi, 
it's currently necessary 
to buy a new dongle or 
Mi-Fi, even though the 
user may already have 
one, which is amadness 
Ofcom will hopefully 
soon address. The PAY G 
cost is then around £10 
per GB, with credit often 
expiring after a month. 

Vodafone used to offer a PAYG 
mobile data dongle SIM with credit 
that never expired. But Vodafone 
withdrew the service and has been 
disconnecting. 

Vodafone's customer service in India 
explains why and how: ‘The reason 
that SIM card gets disconnected is ex- 
plained as bel ow (bit technical): When 
the number is not used for a particular 
amount of time, the SIM stays active 
but slowly and gradually it starts going 
down and becomes inett....’ 


Links 
www.skype.com 
www.btfon.com 
www.lebara.co.uk 
www.joiku.com 
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SEEING THE WORLD THROUGH GCCGLE 5 GOGGLES 


i 
‘Googlespex’: a future man-machine interface? 


S earch engine giant Google has 
posted a video (www.youtube. 
com/watch?v=9c6W 4CCU9M4) 
called ‘One day...’. It demonstrates 
a pair of futuristic glasses that 
projects a head-up display on to 
the user’s field of vision, with maps, 
augmented reality notes, video calls 
and reminders. It is also integrated 
with speech recognition and 
artificial intelligence, so you can 


talk to your glasses, dictate notes, 
ask questions and perhaps look 
a little odd as you walk down the 
street talking to yourself. 

Google’s press release states: ‘We 
believe technology should work for 
you - to be there when you need it, 
and get out of your way when you 
don’t. A team within our Google{x] 
group started Project Glass to build 
this kind of technology, one that helps 
you explore and share your world, 
putting you back in the moment. 

Follow along with us at: http://g.co/ 
projectglass as we share some of our 
ideas and stories. We'd love to hear 
yours, too. What would you like to see 
from Project Glass?’ 

Google has released very few tech- 
nical details, so it’s hard to be sure 
how much of the video is a real-time 
working presentation, and how much 
is wishful thinking. That said, Google 
is one of the few companies to have 
the financial clout and_ technical 
knowhow to pursue this kind of man- 
machine interface project. 


Microchip simplifies C compiler line 


M icrochip has simplified its range 
of C compilers for all 900 PIC 
microcontrollers and dsPIC digital 
signal controllers. The MPLAB 
XC8, XC16 and XC32 compilers 
offer reduced complexity for 8-, 
16- and 32-bit designers, with three 
cost-effective optimisation levels: 
free, standard and pro. In addition, 
MPLAB XC provides support for 
the Linux, Mac OS and Windows 
operating systems, enabling 
designers to use their platform of 
choice for embedded development. 

Another important consideration for 
today’s designers, is the ability to re- 
use their code and easily migrate to the 
level of microcontroller performance 
and features that best suits the needs of 
each project. These have always been 
strengths for Microchip, and MPLAB 
XC continues that tradition by making 
it easy to move code from any 
of Microchip’s existing compil- 
ers. Additionally, MPLAB XC 
completes Microchip’s _ tool- 
chain of compatible compilers 
and _ debugger/programmers 
that operate seamlessly within 
the universal, cross-platform 
and open-source MPLAB XC 
integrated development envi- 
ronment, to reduce both learn- 
ing curves and tool invest- 
ments. MPLAB XC compilers 
are also compatible with the 
legacy MPLAB IDE. 
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Many designers need a free C com- 
piler: the 8-, 16- and 32-bit free edi- 
tions of Microchip’s MPLAB XC com- 
pilers offer many optimisations, are 
fully functional and have no license 
restrictions for commercial use. For 
those who want to test their code 
with the pro optimisation levels, 
which are approximately 50% bet- 
ter than the free editions, Microchip 
also offers 60-day evaluation editions 
with pro optimisation, which revert 
to the free compilers after the evalu- 
ation period. Like the free editions, 
the evaluation editions are fully 
functional and have no license re- 
strictions for commercial use. 

To download free versions, or evalu- 
ate the increased code and speed op- 
timisations available with paid-for 
options, PIC programmers should 
visit: www.microchip.com/get/E1C4 


MPLAB®* XC Gompilers 


MPLAB® XC8 MPLAB XC10 MPLAB XC32 
Ea E9 


MPLAB XC Suite 
AB PIO" MOUs and daPIC* DSCs 


AS Microchip 


A compiler for every OS, PIC and wallet 


Raspberry Pi ship 
dates 


fter a couple of hitches 
— a wrong component 

used and then questions 
about EMC — the Raspberry 
Pi organisation has anno- 
unced (12 April) that ‘RS 
Electronics and _ element14/ 
Premier Farnell are preparing over the 
weekend to send out the first boards’. 

In fact, according to a BBC report, 
some users have already received 
their boards. The first were school 
children in Leeds, in keeping with 
the stated purpose of the cheap, but 
powerful computer board — bringing 
low cost, powerful programming ca- 
pability to Britain’s next generation 
of computer scientists. 

Raspberry Pi expects users to have 
received their boards by 20 April. For 
more details, see: www.raspberrypi.org 


RIP power silicon? 

loud computing and carbon 

emissions controls may see the 
extinction of thesilicon semiconductor, 
as the power market demands superior 
products. 

According to a new report by GBI 
Research, the substrate technologies 
used in the manufacturing of discrete 
power devices have been improved, 
offering better efficiency for the tech- 
nology and power markets. 

Silicon (Si) was the material origi- 
nally used to make power semicon- 
ductors. However, this has evolved to 
include silicon carbide (SiC), gallium 
nitrideon silicon (GaN-on-Si), gallium 
nitride (GaN), and gallium arsenide 
(GaAs), which offer improved per- 
formance. These new substrate tech- 
nologies enable systems to use higher 
levels of power, wider bandwidth, and 
better efficiency compared to conven- 
tional silicon solutions. 

Businesses with continuously run- 
ning applications need infrastructure 
in the form of cloud computing or data 
centers. To enable more efficient and 
robust systems, data centers and UPS 
systems are built with high-perfor- 
mance semiconductor components, 
such as IGBTs and super-junction 
power MOSFETs. And, as datacenters 
grow, so too does the power semicon- 
ductor market. 

Furthermore, at the 2008 G8 sum- 
mit, member nations agreed to reduce 
global emissions by at least 50% be- 
fore 2050. Electrically-operated vehi- 
cles will increase the demand for pow- 
er discretes, and IGBTs and MOSFETs 
are the predominant power semicon- 
ductors used in this segment. 


al 


Muy 
Nh 


Think all your double-insulated power tools are safe, just because 
they are double insulated? As many have found to their ultimate 
cost, wear and tear on tools can mean that they become decidedly 
unsafe. Here’s a meter that will give you back your peace-of-mind 
- on tools and many other electrical and electronic devices. 


is actually an improved 

version of the Digital Megohm 

and Leakage Current Meter 

we described in the September 2011 
issue of EPE. 
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Our original design had adistinctly 
mixed reception from some of our 
readers. It could be summed up as 
‘OK but....’ 

The first ‘but’ was that it would 
not deliver the nominal test voltage 
of 1000V or 500V 
DC into the mini- 
mum load resist- 
ance of one meg 
ohm, as specified 
in the relevant 
Australian Stand- 
ard, ie, AS/NZS 
3760:2003 - simi- 
lartotheUK’s IEE 
regul ations. 

The reason for 
thisdrawback was 

largely becausewe 
had set the inter- 
nal current limit 


too low, and partly because the DC-DC 
converter could not deliver the current 
required, even if the current-limiting 
resistor had been removed. 

Furthermore, some readers pointed 
out that the test voltage of 500V DC 
was too high for testing insulation of 
equipment with EMI suppression and 
MOVs (metal oxide varistors). These 
devices should be tested at no more 
than 250V DC. 

Faced with that criticism, all we 
could do was to revise the design so 
that (a) the inbuilt DC-DC converter 
can deliver the full test voltage into 
a 1MQ resistor, and (b) provide the 
additional test voltage of 250V DC. 
In fact, the new circuit can deliver 
the test voltage of 250V or 500V into 
a load of 100kQ, if required, for the 
testing of portable RCDs (resi dual cur- 
rent devices). 
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The physical presenta- 
tion of the new meter is 
also quite similar to the 
original, except that it now 
has a 3-position switch to 
select from the test voltages 
of 250V, 500V or 1000V DC. 
Apart from the redesigned 
inverter section, the revised 
meter now has two current 
ranges instead of one, under 
the control of a PIC micro- 
controller. 

As before, the Digital 
Insulation Meter is easy to 
build, with most of the ma- 
jor components mounted 
directly on two small PC 
boards. These fit snugly 
inside a compact UB1-size 
plastic box, along with a 
6xAA batteryholder used 
to supply the meter’s power. 

It can be built up in a few hours 
and for an outlay much lower than 
commercially available electronic 
megohm meters. 

To summarise, it can now test at 
250V, 500V or 1000V, and can meas- 
ure leakage currents from below 1pA 
to above 6mA. Also, it can measure 
insulation resistance from below 1MQ 
up to 999MQ. 


How it works 
The block diagram of Fig.1 shows the 
arrangement 
of the new 
meter with its 
somewhat more 
complex DC-to-DC 
converter. This is on 
the left-hand side. 
The metering sec- 
tion, on the right side 
of the diagram, is used to 
measure any leakage current 
which flows between the test ter- 
minals, and from this it calculates the 
external resistance connected between 
them (knowing the test voltage in use). 
In more detail, the DC-to-DC con- 
verter converts the 9V DC from the 
battery into AC, so it can be stepped up 
to a few hundred volts using an auto- 
transformer. The resulting high voltage 


Inside our Mk II Insulation meter. The 
PC board in the bottom of the box is 
the high voltage generator; the board 
‘hanging’ from the front panel handles 
the metering and display tasks. 
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DC/AC INVERTER 


Constructional Project 


250V, 500V OR 1000V 


ADJUST 
TEST 


(IC1, Q1, Q2) VOLTAGE 


250V0 = 


AC is then rectified using ultra-fast 
diode D3 to produce the test voltage 
of 250V, 500V or 1000V DC. 


Feedback divider 
We use negative feedback to control 
the converter’s operation and maintain 
its output voltage at the correct level. 
The feedback uses a voltage divider 
(RD1 and RD2) to feed a small pro- 
portion of the high voltage DC output 
back to one input of a comparator 

inside IC1, where it is 


WIaSVvaIIG 


"SMART' 
DIGITAL 
VOLTMETER 
(IC3) 


AMPLIFIER 
A=3.1 
(IC2a) 


Q4 


AUTO CURRENT 
RANGE SWITCHING 


Fig.1: in this block diagram, the two sections of the circuit can be clearly identified. On the 
left is the power supply, consisting of a regulated 5V plus a high-voltage supply. On the right 
is the metering and display unit. These can be seen in the two separate PC boards below. 


compared with an internal 1.25V ref- 
erence voltage. 

The output of the comparator is 
then used to control the operation of 
the DC-to-DC converter, turning it on 
when the output voltage is below the 
correct level and turning it off again 
when the output voltage reaches the 
correct level. 

The basic voltage divider using RD1 
and RD2 alone is used to set the high 
voltage level to 250V, with multiturn 
trimpot VR1. To 
change the test 
voltage level 


DURACELI 


REG1 7805 


T OV 
1 BATTERY 


(HV DC-DC 
CONVERTER Ke 
BOARD) 


DIGITAL INSULATION METER 


to 500V or 1000V, switch S1 is used to connect RD3 or RD4 
in parallel with RD2, increasing the division ratio of the 
divider, and hence increasing the output voltage maintained 
by the feedback loop. 

Note that the converter generates the test voltage only 
when TEST button switch S2 is pressed and held down. 
As soon as the button is released, the converter stops, and 
the high voltage leaks away via RD1 and RD2/RD3/RD4. 
This is both a safety feature and a simple way to achieve 
maximum battery life. 


Meter section 
Referring back to Fig.1, the meter section uses a shunt 
resistor connected between the negative test terminal and 
ground to sense any leakage current (IL) that may flow be- 
tween the test terminals. It is the voltage across this resis- 
tor which we measure, to determine the leakage current. 
The effective shunt resistance is switched between 100Q 
and 10kQ to give the meter two measurement ranges. The 
switching is done using relay RLY1, under the control of 
the PIC microcontroller (IC3) inside the metering circuit. 
Initially, the shunt has a value of 1000, which means that 
a leakage current of 10mA produces a voltage drop of 1.00V. 
This provides the ‘high current’ measuring range. Ifand when 
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Fig.2: the circuitis based around a PIC16F 88 microprocessor, which measures the current between the test terminals (and 
therefore the device under test). The high voltage DC-to-DC converter supplies up to 1000V for these tests, in accordance 
with the relevant Australian/New Zealand standards. It can also supply lower voltages (250V and 500V) as required. 


the measured leakage current falls below 100pA, relay RLY1 
is turned off to increase the effective shunt resistance to 10kQ. 
This provides the ‘low current’ measuring range, where a 
leakage current of 100A produces a voltage drop of 1.00V. 

If this shunt resistance relay switching looks famil- 
iar, that’s because we used a similar arrangement in the 
Capacitor Leakage Meter published in the Nov’11 issue, 
and in the Capacitor Leakage Adaptor for DMMs in the 
April 2012 issue. 

The voltage drop across the shunt resistance is fed 
through op amp IC2a, which has a voltage gain of 3.1 times. 
IC2a drives IC3, a PIC16F88 microcontroller, which is used 
as a ‘smart’ digital voltmeter. 

The amplified voltage from IC2a is fed to one input of the 
ADC (analogue-to-digital converter) module inside IC3, where 
it is compared with a reference voltage of 3.2V. The digital 
output of the ADC is then mathematically scaled, to calculate 
the level of the leakage current in milliamps or microamps. 

IC3 is then able to use this calculated current level to 
work out the insulation resistance, because it can sense the 
position of switch S1 and hence ‘knows’ whether the test 
voltage being used is 250V, 500V or 1000V. 

So, all it has to do is calculate the total resistance which 
will draw that level of leakage current from the known 
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test voltage, and then subtract the ‘internal’ 4.7kQ and 
100Q/10kQ resistors from this total value to find the exter- 
nal resistance between the test terminals. The calculated 
leakage current and insulation resistance values are then 
displayed on theLCD, alongwith thetest voltage bei ng used. 

In case you’re wondering about the purpose of the 4.7kQ 
resistor connected between the high voltage generation 
circuit and the positive test terminal (ie, inside the meter), 
it’s mainly to limit the maximum current that can be drawn 
from the DC-to-DC converter - even in the event of ashort 
circuit between the test terminals. 

This should make the meter relatively safe to use, espe- 
cially as it won’t be too easy to connect yourself between 
thetwotestterminals whilesimultaneously holdingdown 
the Test button. 

Of course, if you’re really determined to give yourself 
a shock it can be done, but we wouldn’t recommend it! 

Incidentally, if you do deliberate! y short circuittheoutput 
terminals while pressing the test switch (S2), you will burn 
out the 4. 7kQ 1W current-limitingresistor; it can beregarded 
as afusibleresistor. You will then haveto replace the resistor. 
but at least the rest of the circuit will have been protected. 

If you suspect that you have blown the 4.7kQ resistor by 
shortingthe output, test the output voltage of the unit with 
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; 


IRF540N 


your DMM on ahigh DC ‘volts’ range. If there is voltage, 
it’s still working! 


Circuit details 

Now let’s look at the full circuit diagram of the Digital In- 
sulation Meter (Fig.2). The DC-to-DC converter is based on 
IC1, an MC34063 converter/controller that drives MOSFET 
Q3 via driver transistors Q1 and Q2. When the inverter 
iS operating, the transistors switch Q3 on for a brief time 
(about 50ps), which allows current to flow from the +9V 
supply through the primary winding of transformer T1. 

As a result, energy is stored in T1’s magnetic field. 
Then Q3 is switched off again, causing the magnetic 
field to collapse. This causes a high ‘back-EMF’ volt- 
age to be generated in both windings of T1, which are 
connected in auto-transformer fashion, so that the total 
voltage applied to the anode (A) of diode D3 is equal to 
the sum of the back-EMF in both windings, plus the 9V 
supply voltage. 

Diode D3 then conducts to charge up theseri es-connected 
100nF/630V capacitors to this high voltage. Both of these 
capacitors have a 1.6kV-rated 10MQ shunt resistor included 
to ensure that the converter’s high output voltage is shared 
equally between them. Thisis only important when thetest 
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Fig.3: component layouts for both the main (measurement/display) PC board (top) and the high voltage DC-to-DC gonverter 
PC board (bottom), along with matching photographs alongside. Follow these diagrams exactly, not only to ensure your 
unit works perfectly, but also to minimise the risk of you getting a ‘bite’. (It probably won’t do any damage, but why risk it!) 


voltage setting is 1O00V - we want to ensure that neither 
capacitor has its 630V rating exceeded. 

The four 3.3MQ high-voltage resistors, together with the 
120kQ resistor and trimpot VR1, correspond to the upper 
divider resistor RD1 in Fig.1. The 68kQ resistor connected 
between pin 5 of 1C1 and ground corresponds to RD2, the 
fixed lower leg of the feedback divider, which provides the 
converter’s 250V output voltage. The other 68kQ resistor 
switched by Sla corresponds to RD3, while the 22kQ and 
680Q resistors connected in series correspond to RD4. 

Providing S2 is on, the converter will continue to run 
until the high voltage output reaches the correct! evel. That's 
because until this level is reached, the proportion of the 
output voltage fed back to the comparator input (pin 5) of 
IC1 will not reach the +1.25V reference level inside !C1. 
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However, as soon as thehigh voltage output does reach the 
correct level, the proportion fed back to pin 5 will rise just 
above 1.25V, and IC1 will stop turning Q3 on - stopping 
the converter even if S2 is still being held down. 

The converter gets its power directly from power switch 
$3 (via S2 and D2), so it is supplied with the full battery 
voltage, less the drop in D2. All of theremainingcircuitry in 
themeter operates from aregul ated +5V supply line, derived 
from the battery via REG1, an LM 7805 3-terminal regulator. 


Smart metering 

The metering side of the circuit is fairly straightforward, 
thanks to the use of a PIC16F88 micro (IC3). As noted 
before, the signal from op amp IC2a is fed to pin 1 of IC3, 
which is configured as ADC input channel AN2, and the 
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PARTS LIST - DIGITAL INSULATION METER 


*1 PC board, code 849 (Main/Dis), 109mm x 84mm 
*1 PC board, code 850 (DC-DC Conv), 70mm x 51mm 
1 UB1-size plastic box, 157mm x 95mm x 53mm 
1 LCD module, 2 lines x 16 characters with LED back-lighting 
(Altronics Z-7013, J aycar QP-5512 or equivalent) 
1 Ferrite pot-core pair, 26mm OD, with bobbin to suit 
1 500mm length of 0.7mm diameter enamelled copper wire 
1 8m length of 0.25mm diameter enamelled copper wire 
1 100mm length 0.7mm diameter tinned copper wire 
1 10x AA batteryholder (flat), cut down to 6x 
1 2-pole rotary switch, PC board mounting, with 16mm knob (S1) 
1 SPST pushbutton switch, panel mounting (S2) 
1 SPDT mini toggle switch, panel mounting (S3) 
1 Mini DIL reed relay, SPST with 5V coil 
2 Binding post/banana jacks (1 red, 1 black) 
2 4mm solder lugs 
1 16-pin length of SIL socket strip 
1 16-pin length of SIL pin strip 
1 18-pin IC socket 
2 8-pin IC sockets 
4 25mm M3 tapped metal spacers 
2 12mm M3 tapped nylon spacers 
11 6mm M3 machine screws, pan head 
4 6mm M3 machine screws, csk head 
3 M3 hex nuts, metal 
4 12mm M3 machine screws, nylon 
1 25mm M3 machine screw, nylon 
9 M3 hex nuts, nylon 
6 M3 flat washers, nylon 
12 1mm diameter PC board terminal pins 


* Available as a pair from the 
EPE PCB Service 


Software 
All software program 
files for the Digital 
Insulation Meter will be 
available from the EPE 
website at 
www.epemag.com. 


WE DO NOT 
SUPPLY READY- 
PROGRAMMED 
Semiconductors MICROCONTROLLERS 
1 MC34063A converter controller (IC 1) 

1 LM358 dual op amp (IC2) 

1 PIC16F88 programmed microcontroller (IC 3) 

1 LM7805 5V regulator (REG1) 

1 BC337 NPN transistor (Q1) 

2 BC327 PNP transistor (Q2,Q4) 

1 IRF540N 100V N-channel MOSFET (Q3) 
1 6.2V 1W Zener diode (ZD1) 

15.1V 1W Zener diode (ZD2) 

2 1N4004 1A diode (D1,D2) 

1 UF4007 ultra-fast 1O00V diode (D3) 


www.altronics.com.au 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2012. 
www.siliconchip.com.au 


Capacitors 

1 470uF 16V radial electrolytic 

1 220uF 10V radial electrolytic 

2 100nF 630V metallised polyester 

2 100nF 100V MKT metallised polyester 
2 100nF multilayer monolithic ceramic 
2 InF 100V MKT metallised polyester 


Resistors (0.5W 1% metal film unless specified) 

2 10MQ HV* 4 3.3MQ HV* 

11MQ 1 120kQ 2 68kQ 122kQ 
410k 15.6kQ 1 4.7kQ1W 1 3.6kQ 
1 3.3kQ 3 2.2kQ 11.8kQ 11.5kQ 
11kQ 1 6800 1 2700 11800 
2 100Q iL 22®) 1 0.10 5W wirewound 

1 1MQ mini 25T vertical trimpot (VR1) 

1 10kQ mini horizontal trimpot (VR2) 


* HV (1.6kV rated) 
eg MH25 series 
Farnell 110-0295 
(10M) and Farnell 
110-0288 (3.3MQ) 
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microcontroller then makes its cal cu- 
lations to drive the LCD. 

Onceit has measured and calculated 
the leakage current in this way, the 
micro can then calculate the effective 
leakage resistance. This is because it 
is able to sense the position of test 
voltage selector switch S1, via the 
contacts of S1b which areconnected to 
input pin 17 (RAO) and pin 16 (RA 7). 
So, knowing the test voltage in use, 
it can calculate the total resistance 
connected between thetest terminals. 
Finally, itthen works out the external 
resistance between the terminals by 
subtracting the 4.8kQ or 14.7kQ inter- 
nal resistance. 

Both of the calculated current and 
resistance values are then displayed 
on the LCD module, along with the 
test voltage being used. 

1C3 is using its internal clock oscil- 
lator, running at very close to 8MHz. 
This gives an instruction cycle time 
of 2MHz, which may be monitored 
using ascope or frequency counter at 
test point TP2. 

Trimpot VR2 allows the LCD 
module’s contrast to be adjusted for 
optimum visibility, while the 220 
resistor connected to pin 15 sets the 
current level for the module's inbuilt 
LED back-lighting. This was chosen for 
the best compromise between displ ay 
brightness and battery life, as the LED 
back-lightingis amajor component of 
total battery current. 


Construction 

As you can see from the photos and 
diagrams, most of the components 
used in the new Digital Insulation 
Meter are mounted directly on two 
small PC boards. 

The high voltage converter parts 
all mount on the smaller of the two 
boards, which measures 70mm xX 
51mmand iscoded 850 (DC-DC Conv). 
This board sits in the bottom of the 
plastic box, at the front of the 6xAA 
cell batteryholder. 

Most of the remaining components 
mounton thelarger board, which meas- 
ures 109mm x94mm and is coded 849 
(Mains/Dis). This board attaches to the 
undersideof the box lid/front panel via 
four 25mm-long M3 tapped spacers. 

The only components not mounted 
on either board are the test terminals, 
pushbutton switch S2 and power 
switch S3; these all mount directly on 
the box lid/front panel. 
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Fig.4 (at top): an 
‘X-ray’ diagram, through 
the side of the case, to show 


how it all goes together. The 
matching photo underneath 


is of the main PC board and 
panel removed from the case. 


Thelocation of all of the components 
mounted on both boards, along with 
their correct orientation, should be 
clear from the overlay diagram, Fig.3. 

There are only two wire links to be 
fitted to each board, so these are best 
soldered first so they won’t be forgotten. 
After both pairs of links are in place, 
you can fit the terminal pins on the 
larger board: test points TP1 and TP2 
and their reference grounds, plus those 
for the 9V battery connections (at lower 
left) and the three at lower right for the 
interconnectionstotheconverter board. 

There area further six terminal pins 
to fit on the smaller board: for TP3 and 
its ground, the three interconnection 
wires to the larger board (at lower 
right) and finally for the high voltage 
output (upper | eft). Once the terminal 
pins have been fitted, you can fit the 
sockets for IC1 (on the smaller con- 
verter board), 1C2 and IC3. 

Next, come all of the fixed resis- 
tors, taking particular care to fit each 
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CONVERTER PC BOARD MOUNTED 
IN BOTTOM OF BOX USING 4 x 12mm 
M3 NYLON SCREWS WITH 4 x FLAT 
WASHERS & 8 x NYLON M3 NUTS 


value in its correct position. Follow 
these with the two trimpots, making 
sure you fit these with the orientation 
shown in Fig.3. 

The capacitors are next, starting 
with thelower valueceramic and met- 
allised polyester caps and following 
these with the InF (on the converter 
board) and the two polarised electro- 
lyticson themain board - again match- 
ing their orientation to that shown in 
Fig.3. The 100nF 630V polyester caps 
can be fitted also at this stage. 

After the capacitors, you can fit 
diodes D1 and D2 on the main board, 
and D3 (UF4007) on the converter 
board, taking care to orient them as 
shown in Fig.3. Thesediodes can then 
be followed by Zener diodes ZD1 and 
ZD2, which both go just above the 
centre of the main board. Note that 
these are oriented in opposite ways, 
as shown in Fig.3, and also that the 
6.2V Zener is ZD1 while the 5.1V 
Zener is ZD2. 


POSITIVE 


LCD MODULE MOUNTED ABOVE 
MAIN BOARD USING 2 x 12mm 
LONG M3 TAPPED NYLON SPACERS 


16-WAY SIL 


eo 


6xAA CELL HOLDER (CUT DOWN FROM 10xAA HOLDER) 
MOUNTED IN BOTTOM OF BOX USING DOUBLE-SIDED TAPE 


Now you can solder transistors Q1 
and Q2 to the converter board, mak- 
ing sure that you fit the BC337 device 
as Q1. You can also fit the remaining 
BC327 transistor (Q4) on to the main 
board. 

After the transistors, you can fit reed 
relay RLY 1, making sure you position 
it with the ‘notch’ end uppermost, as 
indicated in Fig.3. Then comes the 
rotary switch (S1), after first cutting 
its spindle to alength of about 15mm 
from the threaded mounting sleeve, 
and filing off any burrs. 

Mount the switch in the board so 
that it is oriented with the locating 
spigot in the ‘5 o’clock’ position, and 
push theswitch pins through the board 
holes as far as they’1l go before solder- 
ing to the pads underneath. 

Once the switch is fitted, you should 
remove its main nut/lockwasher/posi- 
tion stopwasher combination and turn 
the spindle by hand to make sure it’s at 
the fully anticlockwise limit. Then refit 
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the position stopwasher, making sure 
thatits stop pin goes down into thehole 
between the moulded ‘3’ and ‘4’ digits. 

After this, refit the lockwasher and 
nut to hold it down securely, allowing 
you to check that the switch is now 
‘programmed’ for the correct three po- 
sitions — simply by clicking it through 
them by hand. 

Next, fit the LM7805 regulator 
(REG1) on the main board. This is in 
a TO-220 package and mounts flat 
against the top of the board, with its 
leads bent down by 90° about 6mm 
from its body, so that they pass down 
through the board holes. The regulator 
is then attached to the board using a 
6mm-long M3 screw and nut, passing 
through the hole in its tab. The screw 
and nut should be tightened to secure 
theregulator in position beforeits leads 
are soldered to the pads underneath. 

MOSFET Q3, also in a TO-220 pack- 
age, is mounted on the smaller con- 
verter board in exactly the same way. 


Display module 

The final component to be mounted 
directly on the main board is the 
16-way length of SIL (single in-line) 
socket strip used for the ‘socket’ for the 
LCD module connections. Once this 
has been fitted and its pins soldered to 
the pads underneath, you’l] be almost 
ready to mount the LCD module itself. 

However, before this can be done, 
fasten two 12mm-long M3 tapped ny- 
lon spacers to the board in the module 
mounting positions (one at each end) 
using a 6mm M3 screw passing up 
through the board from underneath. 
Then ‘plug’ a 16-way length of SIL 
pin strip into the socket strip you have 
just fitted to the board. Make sure the 
longer ends of the pin strip pins are 
mating with the socket, leaving the 
shorter ends uppermost to mate with 
the holes in the LCD module. 

Next, remove theLCD module from 
its protective bag, taking care to hold 
it between the two ends so you don’t 
touch the board copper. Then lower it 
carefully onto the main board, so the 
holes along its lower front edge mate 
with the pins of the pin strip, allowing 
the module to rest on the tops of the 
two 12mm-long nylon spacers. 

Then you can fit another 6mm M3 
screw to each end of the module, pass- 
ing through the slots in the module 
and mating with the spacers. When 
the screws are tightened (but not over 
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tightened) the module should be se 
curely mounted in position. 

The final step is then to use a fine- 
tipped soldering iron to carefully 
solder each of the 16 pins of the pin 
strip to the pads on the module, to 
complete its connections. 

The final component to mount on the 
converter board is step-up transformer 
T1, which needs to be wound first. This 
may sound daunting, but there are only 
131 turns of wire in all. You'll find all of 
the information on winding the trans- 
former and mounting it on the converter 
board in the box panel opposite. 

After this has been accomplished, 
you can plug the three ICs into their 
respective sockets — IC1 on the con- 
verter board, and IC2 and IC3 on the 


HOLES A: 
3mm DIAM, 


HOLE B: 
3.5mm DIA 


HOLES C: 
9.0mm DIA 


HOLES D: 
7.0mm DIA 


HOLE E: 
12mm DIA 


Fig.5: 
drilling 
diagram 
for the 
UB-1 box 
lid, which 
becomes 
the front 
panel. All 
dimensions 
arein mm. 


main board - making sure to orient 
them all as shown in Fig.3. 

At this stage, both of your PC board 
assemblies should be nearly complete. 
All that remains is to attach one of the 
25mm-long mounting spacers to the 
top of the main board in each corner, 
using 6mm-long M3 screws. Then the 
board assemblies can be placed aside 
while you prepare the case and its lid. 


Preparing the case 

There are only four holes to be drilled 
in the lower part of the case, to take 
the mounting screws for the converter 
board. These should be 3mm in di- 
ameter and with their centres marked 
out using the converter board itself as 
a ‘template’, by sitting it temporarily 
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Winding the transformer 


Step-up autotransformer T1 has a primary winding com- 
prising 11 turns of 0.7mm enamelled copper wire (one 
layer), followed by a secondary winding of 120 turns (4 
x 30-turn layers) of 0.25mm enamelled copper wire. As 
shown in the assembly diagram at right, all five layers 
are wound on a small nylon bobbin, which fits inside a 
two-piece ferrite pot-core measuring 26mm in diameter. 

First wind on the 11-turn primary using the 0.7mm di- 
ameter wire. You'll find that this will neatly take up the full 
width of the bobbin, providing you wind the turns closely 
and evenly. Then cover this first layer with a 9mm-wide 
Strip of plastic insulating tape or thin ‘gaffer’ tape, to hold 
it down. 

Leave about 50mm of wire free of the bobbin at the 
‘start’ end, and cutany surplus wire off about 40mm from 
the ‘finish/tap’ end (taking it out via one of the ‘slots’). 

Next, take one end of the 0.25mm wire and twist it 
around the ‘finish/tap’ end of the primary winding to 
anchor it while you wind the first layer of the secondary. 
This must be wound on the bobbin in the same direction 
as the primary, as if it is a continuation of the first layer. 
If you wind them closely and evenly you should find that 
you will be able to fit 30 turns across the bobbin. 

Once you have wound on the 30 turns, cover this sec- 
ond layer (the first secondary layer) with a 9mm-wide strip 
of plastic insulating tape to hold itin place. Then you can 
wind the third layer in exactly the same way, covering it 
with a strip of tape as before. 

The remaining wire can then be used to wind the two 
further 30-turn layers, again making sure that you wind 
them in the same direction as you wound the earlier lay- 
ers, and covering each layer with a strip of tape. 

With the fifth and final layer wound and taped, the ‘finish’ 
end of the wire can be brought out of the bobbin via one 
of the slots (on the same side as the start and tap leads), 
and your wound transformer bobbin should now be ready 
to fit inside the two halves of the ferrite pot-core. 

J ust before you fit the bobbin inside the bottom half 
of the pot-core, though, there’s a small plastic washer to 
prepare. This is to provide a thin magnetic ‘gap’ in the 
pot-core when it’s assembled, to preventthe pot-core from 
saturating (magnetically) when it’s operating. 

The washer is very easy to cut from a piece of the thin 
clear plastic that’s used for packaging electronic compo- 
nents, like resistors and capacitors. This plastic is very close 
to 0.06mm thick, which is just what we need here. So, the 
idea is to punch a 3mm to 4mm diameter hole in a piece 
of this plastic using a leather punch (or something similar 
to cut a clean hole) and then use a small pair of scissors 
to cutaround the hole in a circle, with a diameter of 10mm. 

Your ‘gap’ washer will then be ready to place inside the 
lower half of the pot-core, over the centre hole. 

Once the gap washer is in position, you can lower the 
wound bobbin into the pot-core around it, and then fit the 
top half of the pot-core. The autotransformer should now 
be ready for mounting on the converter PC board. To begin 
this step, place a nylon flat washer on the 25mm-long M3 
nylon screw that will be used to hold it down on the board. 


UPPER SECTION 
OF FERRITE 
POT CORE 


BOBBIN WITH 
WINDING 
(11T OF 0.7mm DIA 
ENAMELLED COPPER 
WIRE FIRST (END IS TAP), 
FOLLOWED BY 4 x 30T LAYERS 
OF 0.25mm DIA 
ENAMELLED COPPER WIRE 
WITH INSULATING TAPE 
BETWEEN LAYERS) 


FINISH 


TAP 
START 


PLASTIC FILM 


LOWER SECTION 
“*——— _ OF FERRITE 


POT CORE 


(ASSEMBLY HELD TOGETHER & SECURED TO CONVERTER 
PC BOARD USING 25mm x M3 NYLON SCREW & NUT) 


Then pass the screw up through the 3mm hole in the PC 
board corresponding to the centre of the transformer, and 
lower the assembled pot-core down over the nylon screw, 
holding it together with your fingers (with the bobbin and 
gap washer inside) and with the ‘leads’ towards diode D3. 

When the pot-core assembly is resting on the top ofthe 
converter board, keep holding it and the board together 
with the nylon screw so you can apply the second M3 
nylon flat washer and M3 nut to the upper end of the 
screw. Tighten the nutso thatthe pot core is notonly held 
together, but also secured to the top of the PC board. 

Once this has been done, all that remains as far as 
the transformer is concerned is to cut the start, tap and 
finish leads to a suitable length, scrape the enamel off 
their ends so they can be solder-tinned, and then pass 
the ends down through their matching holes in the board, 
so they can be soldered to the appropriate pads. 

Make especially sure that you scrape, tin and solder 
BOTH wires which form the ‘tap’ lead - ie, the finish of 
the primary winding and the start of the secondary. If this 
isn’t done, the transformer won't produce any output. 

It's also a good idea to fit a 25mm length of insulat- 
ing sleeving over the exposed ‘finish’ lead, between the 
transformer winding and the PC board. This will help 
prevent any ‘flashover’ when the transformer is produc- 
ing 1000V pulses. 
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Fig.5: same-size front panel artwork which can be photocopied 
and glued to the panel. For protection, it should first be laminated 
or sealed with self-adhesive clear plastic. 
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Insulation testing 


Testing the insulation of mains-powered equipment 
and cables is an important step in ensuring that they 
are safe to use and don’t pose a shock hazard. 

According to the Australian and New Zealand stand- 
ards for safety inspection and testing of electrical equip- 
ment(AS/NZS 3760:2003), tests on the insulation of ‘do- 
mestic’ cables and equipment operating from 230V AC 
should be carried out with a testing voltage of 500V DC. 

However, where the equipmentincludes MOV surge 
protection devices, the testing can be carried out with 
a voltage of 250V DC. 

The recommended testing voltage forinsulation tests 
on industrial equipment such as ovens, motors and 
power converters operating from three-phase 400V 
AC is 1000V DC. 

Insulation tests on domestic 230V equipmentcan be 
performed by measuring either the leakage current or 
the insulation resistance. 

For Class | (earthed) equipment with accessible 
earthed metal parts, the leakage current should be no 
greater than 5mA, except for portable RCDs (residual 
current devices) where it should not be greater than 
2.5mA. The insulation resistance for these devices 
should be not less than 1MQ or not less than 100kQ 
fora portable RCD. 

ForClass II (double-insulated) equipment, the insula- 
tion resistance with the power switch ‘on’ measured be- 
tween the live supply conductors (connected together) 
and external unearthed metal parts should again be not 
less than 1MQ. 

The same insulation resistance figure of IMQ ap- 
plies to extension cables and power boards (between 
the live conductors and the earth conductor), to power 
packs (between the live input pins and both output 
connections), portable isolation transformers (between 
the primary winding and external earthed or unearthed 
metal parts, between primary and secondary windings, 
and also between the secondary winding and external 
earthed or unearthed metal parts). 


insidethe box spaced only about 1mm 
from the front. 

Oncethese four holes aredrilled and 
de-burred, you can mounttheconverter 
board insidethebox using four 12mm- 
longM 3nylon screws, with anylon flat 
washer and nylon nut fitted to each 
screw first to act as board mounting 
pillars or ‘standoffs’. The converter 
board can now be slipped down over 
the screws, and another M3 nylon nut 
placed on each screw to hold theboard 
in place. 

You don’t need mounting holes for 
the batteryholder, because it can be 
held securely in placeusingtwo strips 
of ‘industrial’ double-sided adhesive 
foam tape. However, before it can be 
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fitted into the case, it must be cut down 
to accommodate only six cells. 

Thisinvolves cutting off thel ast four 
cell positions (at the ‘negative lead’ 
end), and then drilling a 2.5mm hole 
in the end of the sixth cell position, at 
the negative springend. Theend of the 
spring is then carefully bent inwards 
and around in a circle, so that it can 
beheld in place using a 6mm-longM3 
machinescrew and nut, which will also 
attach the negativelead connection lug 
on the outside. 

The converted batteryholder can 
now be fitted inside the main sec- 
tion of the box behind the converter 
board, with the connection lead side 
to the left. Mount it using double 


sided adhesive foam as mentioned 
earlier. 

The box lid needs several holes 
drilled, plus a rectangular cutout 
near the upper end for the LCD. The 
location and dimensions of all these 
holes are shown in Fig.5, which can 
also be used (or a photocopy of it) as 
a drilling template. The 12mm hole 
for S2 and the 9mm holes for the test 
terminals are easily made by drilling 
them first with a 7mm twist drill and 
then enlarging them to size carefully 
using a tapered reamer. 

The easiest way to make the rectan- 
gular LCD window istodrill aseries of 
closel y-spaced 3mm holes just inside 
the hole outline and then cut between 
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The three LCD screens which should greet you when you turn the Digital Insulation Tester on. The one on the left is self 
explanatory. It changes automatically to the middle one, which tells you what to do (it’s not rocket science). The right 
screen shows the test voltage (as set by S1), the leakage current (in this case zero - bewdy!) and the measured resistance. 


theholes usingasharp chisel or hobby 
knife. Then the sides of the hole can 
be smoothed using small needle files. 

We have prepared an artwork for 
the front panel, which can be photo- 
copied from the magazine (Fig.5). The 
resulting copy can be attached to the 
front of the lid and then covered with 
self-adhesive clear film for protection. 
A more robust alternative is to hot- 
laminate the paper panel in a clear 
pouch, cut it to size and then attach it 
using thin double-sided tape. 

You mightalsoliketo attach a60mm 
x 30mm rectangle of Imm to 2mm 
thick clear plastic behind the LCD 
viewing window, to protect the LCD 
from dirt and physical damage. The 
‘window pane’ can be attached to the 
rear of the lid using either adhesive 
tape or epoxy cement. 

Once your lid/front panel is finished, 
you can mount switches S2 and S3 on 
itusingthenuts and washers supplied 
with them. These can be followed by 
the binding posts used as the meter's 
test terminals. Tighten the binding post 
mounting nuts quite firmly, to make 
sure that they don’t come loose with 
use. Then useeach post’s second nut to 
attach a4mm solder lug, together with 
a 4mm lockwasher to make sure these 
don’t work loose either. 

Now you can turn thelid assembly 
over and solder ‘extension wires’ to the 
connection lugs of the three switches, 


Another view 

of the completed 
PC boards, ready for 
installation in the case. The 
smaller board (above) is actually 


an early prototype - there are a few differences 
in the final version (shown in the overlay). 
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and also to the solder lugs fitted to the 
rear of the binding posts. These wires 
should all be about 30mm long and 
cut from tinned copper wire (about 
0.7mm diameter). 

Once all of the wires are attached, 
they should be dressed vertical to the 
lid/panel so they’!| mate with the cor- 
respondingholesin the main PC board 
when the two are combined. 

You should now beready for theonly 
slightly fiddly part of the assembly op- 
eration: attachingthemain PC board as- 
sembly to the rear of thelid/front panel. 

This is only fiddly because you 
have to line up the extension wires 
from switches S2, S3 and the two test 
terminals with their matchingholesin 
the PC board, as you bring the lid and 
board together. This is not too difficult 
though, so just take your time and the 
lid will soon be resting on the tops of 
the board mountingspacers. Then you 
can secure the two together using four 
6mm-long machine screws. 

Turn the complete assembly over 
and solder each of the switch and ter- 
minal extension wires to their board 
copper pads. Oncedone, you can clip 
off the excess wire with side-cutters. 

The final assembly step is fitting 
the four wires used to make the in- 
terconnections between thetwo 
PC boards, and also soldering . 
the ends of the batteryhol der 
leads to the terminal pins 
on the lower end of the #4 


connections are shown clearly in 
Fig.3, but there are two points which 
should be stressed. One is that while 
light-duty insulated hookup wire 
(even rainbow cable, which we used) 
is fine for the three low voltage leads 
(+9V, GND and Vb), you must use wire 
with mains-rated insulation for the 
high voltage | ead. 

The second point is that although 
this is not shown in Fig.3 for clarity, 
all four of the interconnecting leads 
are run underneath the main board, 
and connect to it on the copper side. 

Notetoo, that although the high volt- 
age lead connects to aterminal pin on 
theconverter board, it solders directly 
to the board copper at the main board 
end. A terminal pin can’t be used here, 
because it would protrude down too 
far when everythingis assembled (and 
risk flashover to one of the cells in the 
batteryholder). 

Once theinterconnectingleads and 
battery leads have been fitted, your 
new Digital Insulation Meter is almost 
ready for its initial checkout. All that 
remains is to make sure power switch 
S3 is in the Off position, and then fit six 

AA-size alkaline (or lithium) cells 
into the batteryhol der. 
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What the PIC firmware does... 


When power is turned on via S3, the PIC firmware ‘starts work’ 
by turning on relay RLY1 via Q4, to ensure that the metering 
circuit is set for the higher current range. It also initialises the 
LCD module, and then displays an initial greeting message on 
it to show that the meter is ‘active’. 

After pausing a few seconds, it then displays a second mes- 
sage, advising the user to first set the test voltage (via S1) and 
then press the Test button (S2) to start testing. 

As soon as it senses (via RA4) that the Test button has been 
pressed, it first checks the test voltage you have selected using 
$1. (It does this by checking the logic levels on RAO and RA7.) 
Then it directs the PIC’s ADC module to make a sequence 
of 10 measurements of the voltage applied to the AN2 input 
(which is the voltage across the 100Q leakage current shunt, 
amplified by IC2a). 

After taking the 10 measurements, it then works out the 
average of these measurements by calculating their sum 
and then dividing by 10. This averaging is done to give more 
steady readings, because the individual measurements tend 
to vary as a result of ‘ripple’ on the output of the DC-to-DC 
converter. 

This average of the 10 measurements is then checked to 
see if it is a ‘full scale’ reading, and if so, the firmware checks 
to determine the meter’s current range setting. 


Ifitisn’t set for the higher current range, the meter is switched 
to the higher current range and the firmware loops back to 
take another sequence of 10 measurements, and work out 
their average. 

If the average reading was not a full-scale one, or if it is 
already set for the higher current range, the firmware then 
does another check to see if the reading is below 10% of full 
scale. If this is so, it checks to see if the meter is switched to 
the lower current range. 

If not, the meter is switched to the lower current range and 
the firmware loops back once again to take another sequence 
of 10 measurements and work out their average. 

By doing this automatic range changing, the firmware finally 
achieves an average reading with the best resolution it is able 
to provide. 

This reading is then processed by the firmware and its 24-bit 
floating point maths routines to calculate both the leakage current 
(in mA or pA) and the equivalent leakage resistance in megohms. 

These calculated values are then displayed on the LCD 
screen, along with the test voltage being used. 

One further little job done by the firmware is to check the 
values being displayed for current and leakage resistance, and if 
there are any ‘leading zeroes’ they are changed into blanks. This 
is another improvement over the firmware in the first version. 


Initial checkout 

When you turn power switch S3 on, 
a reassuring glow should appear from 
the LCD display window — from the 
LCD module’s back-lighting You may 
also be able to see the Meter’s initial 
greeting ‘screen’, as shown in one of 
the display photos shown earlier. 

If not, adjust contrast trimpot VR2 
with a screwdriver until you get a 
clearly visible display. (VR2 is ad- 
justed through the small hole just to 
the left of the LCD window.) 

After a few seconds, the display 
should change to the Meter’s measure- 
ment guide ‘screen’, where it reminds 
you to first set the test voltage using 
S1, and then press button S2 to per- 
form the test. 

As soon as you do press the test 
button, the display should change 
into the Meter’s test result ‘screen’, 
where it displays the test voltage plus 
the measured leakage current and 
resistance. At this stage, it will show 
a leakage current of OpA and a resist- 
ance of 999MQ because you haven’t 
connected anything between the two 
test terminals to draw any current. 

Now try switching voltage selector 
switch S1 to the other positions. When 
you then press and hold down S2, you 
should find that the test voltage setting 
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displayed on the top line of the LCD 
screen changes to match. 

If this occurs, it shows your Digital 
Insulation Meter is working correctly. 


Setting the test voltage 
If everything seems OK at this stage, 
it’s time to do the final adjustment: 
setting the test voltage levels. This is 
easy enough to do because it simply 
involves monitoring the DC-to-DC 
converter’s output voltage on a single 
range with your DMM, while carefully 
adjusting trimpot VR1 using a long 
and narrow insulated screwdriver. 

Here’s the procedure: first turn off 
the power to the Digital Insulation Me 
ter using S3. Then swing up the lid and 
main board assembly to allow you to 
access the DC-to-DC converter board. 

Next connect the DMM’s positive 
lead to the ‘+HV out’ terminal pin at the 
rear of the converter board just above 
D3, and connect the DMM’s negative 
lead to one of the two ‘earth’ terminal 
pins of the same board. The TPG pin 
just above TP3 may be easier to access, 
but you can use the centre (GND) pin 
on the right-hand end of the board if 
you prefer. 

Now turn the DMM on, and select 
the 500V DC range (or higher). Then 
turn on the meter using S3, switch S1 


to its ‘250V’ position and then care- 
fully press and hold down S2 and the 
DMM reading should be around 250V. 
Then adjust trimpot VR1 to give a 
reading of 225V. 

By doing this, the resultant test volt- 
age across a 1MQ load should be very 
close to the setting. 

Alternatively, if you envisage test- 
ing equipment with internal MOVs, or 
possibly portable RCDs, do the volt- 
age adjustment on the 250V range. In 
this case, adjust trimpot VR1 to give 
a reading of 265V. This will result in 
a test voltage across a 100kQ load of 
close to 250V. 

(Pedantic readers who have very ac- 
curate DMMs may prefer to make the 
adjustment to 262V, but the resulting 
test voltage will still depend on the 
overall resistor tolerances.) 

Either way, you only have to adjust 
VR1 on one range as the other ranges 
will be pretty close to their nominal 
values. 

Once you are satisfied with the 
voltage adjustment, you can turn off 
the power via S3, remove your DMM 
measuring leads and refit the lid as- 
sembly into the box. 

Now fit the screws which hold the lid 
and box together and your Digital Insula- 
tion Meter is now ready for use. EPE 
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Blooming 
marvellous 


Technotalk 


Mark Nelson 


Did you know that you can stimulate plant growth by colour-filtered artificial light? 
Or that LEDs could reduce the number of flowers imported from overseas? Nor did Mark 
until he listened to Farming Today early one morning... 


HORTICULTURE, you might feel, 
has little to do with this magazine’s 
theme, but after you have read this 
month’s column you won’t be able to 
deny this is ‘practical electronics’, in 
a totally everyday application! And 
if you have a greenhouse, you might 
even try experimenting along these 
lines to boost your tomato crop. 

Even so, listening to the farming 
programme on BBC Radio 4 at 5.45am 
was not the time when I expected 
to hear something of interest to 
an electronicist. But fact can turn 
out stranger than fiction, and that 
was certainly the case on 13 March, 
when presenter Anna Hill reported 
that high-tech horticulture powered 
by LEDs could bring profitable rose 
growing back to Britain, and Chris 
Plackett explained how this could 
help reduce the volume of flowers we 
currently import by 75%. 

In case you are wondering who 
Chris Plackett is, he’s the commercial 
director of the Warwickshire-based 
Farm Energy Centre, which describes 
itself as the UK’s leading energy 
consultancy with specialist expertise 
in the farming and horticulture sectors. 


Not like us 
You hardly need telling that LEDs 
deliver long life and greater energy 
efficiency than other kinds of lighting, 
but you probably didn’t know that 
their spectral output (light colour or 
wavelength) can be matched to the 
varying needs of growing crops. Plants 
are not like us; they have very different 
needs from humans where light is 
concerned. ‘Cool’ or blue sources 
provide the light needed for lush green 
foliage plants, while ‘warm’ red ones 
provide the light needed for blooming 
flowers and fruit production. 
Horticulturalists can ‘fine tune’ 
the light wavelength used on their 
crops for the particular results they 
require; for example, to maximise 
photosynthesis. But because off-the- 
shelf lighting equipment is optimised 
to assist human vision, much of the 
lighting provided in horticulture is not 
absorbed by plants and is thus wasted. 
But why spend money providing 
artificial light for plants? In a nutshell, 
to compensate for gloomy light quality 
and the shorter daylight periods 
in winter, enabling our growers to 
compete with their competitors in 
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sunnier climes. This means more 
profits for our own flower and fruit 
growers, reducing the outflow of 
currency and avoiding the financial 
and carbon cost of importing produce 
from overseas. 


Growsave 

The Growsave project (a Farm Energy 
Centre initiative) clarifies the problem 
facing growers, who require high 
intensity light to ‘make good’ the 
lack of sunlight that we suffer from 
in the UK during the late autumn, 
winter and early spring months. The 
current light source of choice is high 
pressure sodium (HPS), but this is 
only a compromise solution. The light 
quality of sodium is fixed and is by no 
means ideal for some plants. 

Particular problems with sodium are 
a shortage of output in the blue and red 
parts of the spectrum, together with a 
significant radiant heat output that is 
difficult to put to good use. Problems 
occur also with tall ‘vine crops’ such 
as tomatoes, because it is difficult to 
get the light from HPS lamps mounted 
above the crop to penetrate into the 
leaf canopy. 

Replacing sodium lighting with 
compact (and cool) LED clusters offers 
significant advantages. Overheating of 
the parts of the plant that are closest to 
the lamp is less likely to be a problem, 
while moving some of the light down 
into the leaf canopy reduces the heat 
‘waste’ from sodium lamps positioned 
in the greenhouse roof-space and 
reduces the need for ventilation and 
leaving gaps. 

What’s more, getting light to where 
it is really needed (inserted low in the 
canopy) provides the greatest biological 
efficiency. So-called interlighting mod- 
ules are used for this, with a mixture of 
LED colours to optimise photosynthesis 
in the lower leaves. 


Pie in the sky? 
According to Chris Plackett, this is 
not pie in the sky thinking. ‘LEDs are 
already being used by growers and are 
delivering true benefits. The Dutch are 
utilising this technology’, he asserts. 
In the Netherlands, LEDs are 
being used on a wide range of crops, 
including flowers, salad vegetables 
and herbs. One of these users is cut- 
flower grower Niels Kreuk in Andijk, 
a small lakeside village an hour’s 


journey north of Amsterdam. In 
his three-level glasshouse, strips of 
Philips LED lights illuminate the lilies 
in the lower two layers; natural sun 
takes care of the top layer of plants. 
An interesting aspect of this particular 
LED installation is that the blue LEDs 
in the red/blue recipe have been 
coated to make them provide white 
light, for staff visibility and comfort. 
However, the plants still see the light 
as blue. 

In the same village, an orchid 
breeder, Arjen Peerdeman, is also 
using LEDs to improve production 
efficiency. With help from Philips, the 
business developed the correct recipe 
of red and blue LEDs to optimise plant 
growth, again in a stacked system. 
Now, they can produce 425,000 plants 
on a footprint of 54 square metres, a 
major gain in space efficiency. Energy 
usage has been cut in half, and there 
may be other benefits as well. Arjen 
says his orchids show some signs of 
more active root tips, although he 
admits the evidence is not yet proven. 


The Heineken effect 

Rose grower Marjoland in 
Waddinxveen, which produces 60 
million stems per year, is testing LED 
interlighting in an attempt to save 
energy at the same time as improving 
crop output and quality. A 12-month 
trial indicates a 10% increase in flower 
production resulting from having 
more light on the new branches as 
they form. Rather like Heineken beer, 
the interlighting modules deliver light 
to the places that the previous sodium 
lamps could not reach. 

There may be other benefits too, as 
Nigel Paul, professor of plant science 
at Lancaster University explains. 
‘LEDs go beyond energy efficiency’, 
he says. ‘You can tune them to 
deliver quality or pest and disease 
control, or pigmentation, or habit. The 
biggest benefits may be in exploiting 
properties of LEDs —-_ intelligent 
lighting — that conventional lighting 
doesn’t have. It’s really promising, but 
not proven.’ 

Currently, the big issue is achieving 
the right spectral balance for growers 
— and the cost. ‘There is no problem 
developing energy-efficient LEDs for 
this — the technology is pretty mature, 
but the unit price is still too high,’ he 
states. 
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Dual Tracking 
+0V to 19V Power Supply 


This linear bench supply can deliver up to 1.6A from positive and 
negative outputs with a range of +0V to 19V. It has adjustable current 
limiting for both outputs and can display the voltage or current 
reading for either rail. |f powered from an AC plugpack, no mains 
wiring is required, although less current is available. It also has a 5V 
750mA output for powering digital logic 1Cs and microcontrollers. 


HIS tracking bench power supply 

is built almost entirely from stand- 
ard components, but provides high 
performance. It is alinear supply that 
offers very good regulation and very 
low ripple and noise (see specifications 
table). Italso boasts a digital display for 
voltage and current readouts, and this 
can also show the voltage across both 
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railsorthepresent current-limitsetting. 
The primary outputs track each 
other, providing balanced rails, or a 
load can be connected across both to 
doublethe voltage. Either way, thecur- 
rent limit can be adjusted from 0-1.6A 
(0-1.0A for the plugpack version). The 
internal regulators are protected against 
excessive temperature or current. 


Part 1 by NICHOLAS VINEN 


A third output supplies a fixed 
5.0V at up to 750mA. The supply 
also incorporates an earth terminal, a 
load switch (which controls all three 
outputs) and a power switch. 

This supply is particularly well 
suited for breadboarding, especially 
for circuits which mix digital logic 
and analoguesignal processing. If you 
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prototype this type of circuit often, 
you will be familiar with the hassles 
involved with buildingapower supply 
each time, which is able to deliver 5V 
and/or 3.3V, along with balanced rails 
(eg, +15V) for the op amps. 

With a tracking supply such as this 
one, not only is most of that effort 
spared, but also you can easily observe 
the current consumed by the op amps 
and set the current limit to a suitable 
level, so that a wiring mistake in the 
prototype will not cause any damage. 

We have tried to keep the cost and 
complexity down as much as pos- 
sible, while also providing several 
improvements, over other designs. 
For example, we include current 
readout, adjustable current limit, fixed 
5V output, digital display, a voltage 
measurement across both outputs and 
the plugpack supply option. 

Construction is simplified by mount- 
ing most of the front panel compo- 
nents on a second PC board. This is 
connected to the main PC board via 
several ribbon cables and afew heavy 
duty wires. 

Whileall of the parts can be obtained 
from virtually any large electronics 
retailer, the 0.1Q 5W shunt resistors 
can be replaced with less common 1% 
types (or better) for improved current 
measurement accuracy. Alternatively, 
use a millivoltmeter to test a number 
of 5% resistors for accuracy. We chose 
two at random for our first prototype, 
and as luck would haveit, they were 
within 1%. 


Features 

Because this is atracking supply, un- 
der normal conditions, the absolute 
voltage at the negati veoutput matches 
that of the positive output. In other 
words, if the positive output is adjust- 
ed to +9.3V, the negative output will 
be-9.3V. Asaresult, only one voltage 
adjustment knobis required. Many cir- 
cuits, especially those with op amps, 
work best with balanced rails. 

The 5.0V output is supplied by a 
7805T regulator, which has its own 
current and thermal limiting. This 
rail also powers the panel meter and 
power LED, so if you manage to short 
the output, it will be obvious! It’s best 
to avoid shorting it if possible, but if 
the display goes blank, disconnect 
the 5.0V output (or clear the short) to 
restore it. 
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Constructional 


fab eRibEspecitications) 


Internal mains transformer 


External AC plugpack 


Output voltage 


+0-19V or +0-38V 


Output current 


Up to 1.6A (see Fig.5) 


Up to 0.9A (see Fig.6) 


Load regulation 


0.1% (0-1A) 


0.1% (0-500mA) 


Line regulation (230V + 10%) 


0.2% 


0.2% 


Noise (0-1A) 


<525uV peak-to-peak (see Fig.7) 


Ripple (0-1A) 


<1mV RMS, <1.7mV peak-to-peak (see Fig.7) 


Display 


+ Voltage, - Voltage, + Current, - Current, Total Voltage, 
Current Limit 


Voltage reading accuracy 


Typically <1% 


Typically <1% 


Current reading accuracy 


Themain current limitis controlled 
via a second knob on the front panel. 
You can view thecurrent limit setting 
on the display while setting it accu- 
rately - there is no need to connect a 
load to make the adjustment. 

The current limit is applied for 
both primary outputs with a typical 
accuracy of +3mA, plus the measure- 
ment error. If the current from either 
primary output reaches the limit set- 
ting, that output voltage will drop as 
far as necessary to avoid exceedingthe 
limit. This means you can also usethe 
supply as a current source (from the 
positive rail) or sink (from thenegative 
rail) by settingthe voltage at maximum 
and the current limit as appropriate. 

Our current limiting scheme is not 
a ‘foldback’ design. With a foldback 


POSITIVE CURRENT | 
MONITOR/UMITER | 
| (C1) 


RECTIFIED 
& FILTERED 
AC INPUT 


Typically <2.5% +10mA 


Typically <2.5% +10mA 


scheme, once the current limit is 
exceeded, the output voltage drops 
virtually to zero until the overload is 
cleared. This provides better protec- 
tion in the case of a dead short and 
limits power dissipation within the 
supply, but foldback designs cannot 
be used as a current source or sink, 
and they can be unstable with reac- 
tive loads. 

Because the two rails track, if 
the positive output is being current 
limited then the negative output 
voltage will also drop. However, the 
reverse is not true. If the negative 
output current limit is exceeded, 
the positive output voltage will 
not necessarily change. It has been 
designed this way to keep cost and 
complexity low. 


POSITIVE 
i" 


POSITIVE 
OUTPUT 


NEGATIVE 
OUTPUT 


Fig.1: this block diagram shows the basic operation of the supply. Variable 
regulators REG1 and REG2 provide the positive and negative output rails, 
while 1C4b ensures that REG2 tracks REG1. Resistors R1, R2, and IC1 and 
1C2 monitor the rail currents and provide limiting as necessary. 
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Fig.2: this diagram shows the complete circuit minus the mains transformer and the alternative plugpack supply. The 
parts shown with green labels mount on the front-panel PC board, while the remaining parts (except for the panel meter 
and power LED) are all mounted on the main board. 
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Constructional Project 


IEC MAINS 
CONNECTOR 
WITH FUSE & 

DP SWITCH 


Fl 500mA 


DUAL TRACKING SUPPLY 


TI 60VA 


MAINS SUPPLY OPTION 


Fig.3: the mains-powered version uses an IEC connector with an integrated 
switch and fuse, plus a 60VA 30V centre-tapped mains transformer. 


AC PLUGPACK 


3IN 'MIC' 
CONNECTOR 
ON REAR PANEL 


DUAL TRACKING SUPPLY 


POWER 
SWITCH ON 


FRONT PANEL 


PLUGPACK SUPPLY OPTION 


Fig.4: this supply option uses a 16V 1.38A AC plugpack, which connects via a 
3-pin microphone connector on the rear panel of the unit. 


You can also use the current-limit- 
ingfeaturewhen ‘bridging’ theoutputs 
to get the higher voltage range. 

Notethatif you arecloseto drawing 
the maximum current available at a 
given voltage setting, the currentlimit 
may kickin early. Thisisindicated by 
the current limit and dropout LEDs 
lighting simultaneously, and will be 
due to the large 100HZ ripple voltage 
on the filter capacitors in this condi- 
tion. Generally, it’s best to avoid using 
the supply right at its limit, in which 
case this condition is avoided. 


Supply options 

A mains transformer or AC plugpack 
can be used to run thesupply. Theonly 
differenceistheamountof current that 
can be drawn from the outputs at a 
given voltage setting. Note that slightly 
less current is available if you use the 
LED display instead of theLCD option, 
due to its own current consumption. 
This will be more noticeable with the 
plugpack version. 

The specified mains transformer is a 
30V 60VA type with a centre tap. The 
transformer is connected via an IEC 
socket with integrated switch and fuse, 
to keep the wiringassimpleas possible. 

If you prefer to avoid mains wiring, 
you can usea 16V AC 22VA plugpack 
instead. Virtually all plugpacks havea 
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singlesecondary winding, so wecan’t 
use full-wave rectification. This means 
that the filter capacitors are charged at 
50Hz instead of 100Hz, reducing the 
output current further. 

The specified plugpack has an earth 
wire, so the front earth terminal works 
with either supply option. Do not usea 
plugpack with ahigher voltage rating, 
as it could overload the current sense 
amplifier inputs. 

We assume that most constructors 
will opt for the60VA power transform- 
er. However, wearealso presentingthe 
AC plugpack version so that the project 
can easily be built by school students 
as part of the electronics syllabus. 


LED or LCD panel 
Wehavechosen adigital display (LED 
or LCD) because such displays are 
more precise and are cheaper than 
analogue meters. 

The display options are the Jaycar 
QP-5580 3.5-digit high-brightness 
LED panel meter and the Altronics 
Q0571 3.5-digit LCD panel meter. Both 
are ‘common ground’ types; ie, their 
power supply does not have to float 
relative to the voltage being sensed. 

TheLED meter islarger and slightly 
more expensive than the LCD meter; 
the LED meter is also very bright and 
easier to wire up. Ultimately, both 


work well, so the choice is yours to 
make. 

There are six readings we want to 
show (see Table 1) so there is a 6-way 
rotary switch that selects the desired 
mode. One switch pole connects the 
selected voltage to the display’s input 
and the other selects the appropriate 
decimal place location. 


Heatsink 

The aluminium rear panel of the case 
is used as aheatsink for thethree main 
regulators. They must be electrically 
insulated fromit, but because they can 
dissipate up to 30W each, the insula 
tion must have a low thermal resist- 
ance and therefore mica washers are 
specified, not silicone types. 

If you want to make the supply run 
cooler, or deliver more current at low 
voltages, a finned heatsink can be 
drilled and attached to the rear panel 
using the regulator mounting bolts. 
Either the Jaycar HH-8555 or Altron- 
icS HO550 is suitable, since they have 
10mm fin spacing and the regulator 
tabs arespaced just under 30mm apart 
- but note that you will need M3 x 
20mm mounting screws. 


Circuit description 

While the above account of the new 
power supply’s features may imply a 
very complex circuit, the basic circuit 
is not hard to follow. This is depicted 
in the block diagram of Fig.1. It essen- 
tially consists of positive and negative 
regulators which are forced to track 
together by op amp IC4b. 

IC4b is effectively a negative voltage 
follower. Itworkssothatthevoltage set- 
tingcalled for fromthepositi veregul ator 
REGI1, by potentiometer VR1, is fed to 
itsinvertinginput. |C4b then inverts the 
signal and feeds it to the ADJ terminal 
of the negative regulator, REG2. 

There is alot of ancillary circuitry, 
which provides all the current limit 
and meteringoptions, but!C4b and the 
two adjustable 3-terminal regulators 
are the heart of the circuit. 

Turning now to the main circuit dia- 
gram, Fig.2, itis rather large, but each 
section is quitesimplein its operation. 
Despite the large number of op amps, 
therearein fact only four DIP IC pack- 
ages on the board, plus five 3-terminal 
regulators (two in TO-92 packages) 
and two transistors. The remaining 
components are resistors, Capacitors, 
diodes, LEDs and connectors. 
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Note that some of the components 
shown in Fig.2 are mounted on the 
front-panel PC board. These are the 
components labelled with green text. 
The others are mounted on the main 
PC board. Several ribbon cables and 
heavy duty wires connect the two to- 
gether, viaconnectors CON 2 to CONS. 

TheAC supply is shown separately 
in Fig.3 and Fig.4(dependingon which 
version is being built). In either case, 
power from the mains transformer, or 
AC plugpack, is delivered toCON1, on 
the left-hand side of the circuit. 

If a mains transformer is used, the 
AC waveform is full-wave rectified 
by diodes D1 to D4. By contrast, for a 
plugpack, the secondary is connected 
between pin 1 and pin 2, and link LK1 
(on the main board) is installed. This 
connects the bridge diodes in paral- 
lel for half-wave rectification to give 
lower voltage losses. 

The rectified voltage is filtered by 
capacitors Cl and C2, both 4700yF 
25V (or higher), and the resulting DC 
rails arefed through shunt resistors R1 
and R2 to the main regulators REG1 
and REG2 (over on the right-hand 
side of the circuit). In addition, the 
78L15/79L15 linear regulators REG3 
and REG4 (left-top and middle of the 
circuit) produce +15V for theop amps. 

The +15V rail is also used as a volt- 
age reference for potentiometer VR2 
and to generate the +1.3V bias rails 
(more on these later). 


Regulation 

REG1 and REG2 are LM317T and 
LM337T adjustable regulators. They 
are responsible for maintaining the 
correct output voltage and rejecting 
ripple from the AC supply. The 10uF 
capacitors across their inputs reduce 
the effect of the shunt resistance on 
the output voltage regulation. 

The10uF capacitors on theAD] pins, 
in combination with the 100uF capaci- 
tors across the outputs, improveripple 
rejection and reduce noise. Diodes D9 
and D10 prevent voltages applied tothe 
supply’s outputs (eg, by an inductive 
load bei ng switched off) from damaging 
any internal components. 

REG1 and REG2 develop a nominal 
1.25V between their OUT and ADJ ter- 
minals. With a1200 resistor (R3 and R4) 
connected between them, this means 
the quiescent current will be just over 
10mA, which satisfies the minimum 
load requirement of the regulators. 
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Dual Tracking Supply Load Graph: Mains Powered Version 
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Fig.5: the load graph for the mains-powered version. It shows the maximum 
current available at any voltage setting before dropout for both dual outputs 


and a single output. 


Dual Tracking Supply Load Graph: Plugpack Powered Version 
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Fig.6: the load graph for the plugpack version. The curves are the same for both 
dual outputs and for a single output. Note that the total continuous current 
drawn from all outputs should not exceed 600mA. 


REG1's output voltage is controlled 
by a potentiometer (VR1) connected 
between ADJ and -1.3V. This acts as 
a voltage divider in combination with 
resistor R3. 


If VR1 is set to, say, 1kQ and the 
voltage across R3 is 1.25V, then the 
voltage across VR1 will be 10.42V. In 
this case, the output voltage is 10.42V 
- 1.3V +1.25V =10.37V. 
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Fig.7: these scope grabs show the amplified noise and ripple at the outputs (yellow positive, green negative). The maximum 


ripple is 600 V RMS (1200uV p-p) at 1A for the positive rail, and 9401. V RMS (2200.:V p-p) for the negative rail. The right- 
hand scope grab shows the waveforms after averaging, which removes the noise component. 


Volts set VR1 is mounted on the 
front-panel board, and is connected 
to the main board via CONE6. It has a 
3.3kQ resistor in parallel, which sets 
the maximum output to 19.5V. 

The-1.3V biasisimportant because 
it allows the output to be adjusted 
down to OV. Without this, theADJ pin 
could only go to OV and so the output 
would not go below 1.25V. The-1.3V 
bias is slightly more than is necessary 
to account for regulator and resistor 
variations. 

This -1.3V rail is generated by op 
amp IC3c, connected as an inverting 
amplifier. Its input is +1.3V, which is 
generated by IC3d. IC3d is a voltage 
follower with its input tied to a volt- 
age divider (110kQ/11kQ) between 
+15V and OV. 


Tracking 

As noted earlier, o9 amp IC4b is re 
sponsible for the negati veoutput volt- 
age tracking the positive output (see 
the block diagram of Fig.1). Because 
we know the voltage across resistors 
R3 and R4 is maintained at 1.25V, if 
the AD] terminal voltages track, then 
so will the output voltages. 

IC4b’s output supplies current to 
REG2’s ADJ terminal via 1kQ resistor 
R5. Since there is 1.25V across R4, 
the current through R5 must be about 
10mA.Thismeansthereisalways 10V 
across R5. 

Because IC4b’s output can swing 
over a range of at least +12V, REG2’s 
AD] pin can becontrolled over arange 
of +2V to —22V, allowing tracking 
across thefull range of output voltages. 
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Current sensing 

The current flowing to the positive 
and negative outputs passes through 
resistors R1 and R2 (0.1Q). The voltage 
drop across themissensed by op amps 
IC1b and IC2a (each half an LM 833). 

IC1b and IC2a are configured as 
differential amplifiers with a gain of 
one. The output is ground-referenced 
and directly proportional to the drop 
across thesense resistor. For example, 
if there is a5OmV drop across R1, the 
output of 1C1b will be close to 50mv, 
and similarly for R2 and IC2a. 1C2a’s 
inputs are swapped relative to IC1b 
because current through R2 goes in 
the opposite direction. 

Consider the voltage at pin 5 of op 
amp ICl1b, the non-inverting input. 
Assuming precisely equal resistors 
and that trimpot VR3 is centred, it is 
exactly half the voltage across C1. If no 
current flows through R1, then pin 6 
of IC1b, the inverting input, is at the 
same potential. Since the difference 
between the inputs of IC1b is OV, its 
output should be at OV. 

As current begins to flow through 
R1, the voltage at pin 6 of IClb de 
creases due to the voltage drop across 
R1. However, the voltage at pin 5 re 
mains the same, so the output of |C1b 
must rise to bring pin 6 up to the same 
voltage as pin 5. If the drop across R1 
is 0.1V then IC1b’s output must rise 
by 0.1V for the two inputs to remain 
at the same voltage. 

Because a differential amplifier re- 
quires very accurately matched voltage 
dividers to operate correctly, wecan’t 
rely on the 1% tolerance resistors; 


they’renot good enough. Trimpot VR3 
allows the dividers at the inputs of 
1C1b to be adjusted so that their ratios 
match. VR4 does thesame job for IC2a. 

Ideally, we would use 500 or 100Q 
trimpots (1% to 2% of 4.7kQ). A higher 
value makes accurate adjustment too 
tricky. Since trimpots below 5000 are 
hard to get, we have shunted 5000 
trimpots with 68Q resistors. The re 
sulting adjustment range is similar. 

Because the inputs of the LM833s 
sit at half of the pre-regulated supply 
voltage, and their guaranteed input 
voltage rangeis +12V (typically +14V), 
the maximum voltage across C1 and 
C2 should not exceed 24V. (We have 
tested themains-powered version and 
ensured that it does not exceed 24V 
with themaximum permissiblesupply 
voltage in the UK). 

For the plugpack version, if the 
mains voltage is well above 230V, 
the filtered voltage can be as high as 
25.5V. In this case, the LM 833’s input 
voltage is still within typical specifi- 
cation. In the highly unlikely event 
that this affects the current limiting, 
that IC will need to be replaced with 
another sample. 


Current sense errors 

The combination of 0.1Q shunt re 
sistors and a differential gain of one 
means that the current sense outputs 
have a scale of 100mV/A. This is 
handy, since the panel meters we are 
using have a 200mV full scale. We 
can display currents up to 1.999A 
with 1mA resolution by enabling the 
decimal place after the first digit. 
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However, the reading precision is 
not as good as this resolution. While 
wehavefound thatitispossibletotrim 
theoutputto within 1mA of thecorrect 
value, there are four sources of error: 
1) Thetoleranceof Rl and R2. Common 

0.10 resistors are only guaranteed to 

be within 5%. In practice, they are 

generally much closer than that, but 
better results can be obtained with 

1% resistors rated at 0.5W and above 

(eg, Farnell 1653230). 

2) The measurement includes about 
10mA that is consumed by theregu- 
lator circuits. This is unavoidable, 
since if we place the shunts after 
the regulators, we will seriously 
prejudice theload regulation of the 
supply. This error can be trimmed 
out with presets VR3 and VR4, 
but doing so inevitably degrades 
common-mode rejection and pos- 
sibly increases the scale error. 

3) 1C1 and IC2 have an input offset 
voltage error, which results in a 
similar error atthe output. Wehave 
chosen the LM 833 for IC1, |C2 and 
IC4 because it is a common chip 
with alow input offset voltage, typi- 
cally below 0.3mV. This represents 
an error of up to 3mA, which can 
be trimmed out at the same time as 
the regulator current error. 

4) Due to the extreme resistor match- 
ing requirements, temperature 
drift is an issue. Since the divider 
resistors do not heat up and cool 
down at exactly the same rate, the 
divider ratio drifts. We have found 
that reducing the divider resistor 
values reduces temperature drift, 
so we settled on 4.7kQ. 

Once the supply is trimmed and after 
ithas warmed up, theerror istypically 
no more than +3mA plus 1% of the 
reading. The error when cold is more 
like 15mA, so for accurate readings, 
let the supply warm up first. 


Current limiting 
The 1kQ current-limit adjustment po- 
tentiometer, VR2, connects to themain 
board via CON7. It acts as a voltage 
divider with either an 82kQ resistor 
(mains version) or 150kQ resistor 
(plugpack version) to generate a volt- 
age in the range of 0 to 170mV (or O 
to 100mV). This represents a current 
limit of 0 to 1.7A (or 0 to 900mA for 
the plugpack powered version). 

This voltage, alongwith the current 
sense voltages, is fed to op amps !Cla 


Everyday Practical Electronics, June 2012 


Constructional 


Thisinternal view shows thecompleted plugpack-powered version of thesupply. 
It can be built into a smaller case than the mains-powered version. 


and IC2b. Let us consider ICla when 
the current sense voltage is below the 
preset limit. In this case, |C1la’s pin 
1 output will be low (about -13V), 
keeping NPN transistor Q1 and LED1 
turned off. 

If the current sense voltage ex- 
ceeds the preset limit, |C1a’s output 
swings positive, turning on Q1 and 
LED1 (along with the corresponding 
front-panel LED, LED3). Hence, Q1 
pulls REG1’s AD] pin low, reducing 
REGI's output voltage. A steady state 
isreached in which the output current 
flow is just below the current limit and 
Q1 is held partially on. 

Because the LED current partly de- 
pends on how much current is being 
sunk from the ADJ pin, the degree of 
overload isindicated by the brightness 
of the limit LEDs (_ED3 and LED4). 

If the load current is reduced, Q1 
turns off and REG1’s output voltage 
returns to normal. Q1’s emitter is con- 
nected to -1.3V, for the same reasons 
as previously mentioned with respect 
to VR1. The output voltage needs to be 
brought down nearly to OV in cases of 
severe overload (eg, short circuits). 

While LED1 may be helpful during 
testing, its real purpose is to add an 


approximate 2V drop between the 
output of |Cla and LED3. This is nec- 
essary because LED3’s cathode (K) is 
connected to -15V, but |C1a’s output 
can only swing to -13V. Without this 
additional drop, LED3 would not turn 
off properly. A 1kQ resistor provides 
current limiting for both. 

Current limiting for the negative 
output operates identically, but is 
controlled by IC2b, which drives Q2. 
When Q2isturned on, so areLED2 and 
LED4. Q2’s polarity and voltages are 
reversed compared to Q1, and the LEDs 
are connected in the opposite manner. 

With theplugpack-powered version, 
it is a good idea to keep the current 
limit setting below 500mA. Otherwise, 
if a dead short is placed across the 
outputs, the +15V rails can drop and 
theoutput current will only belimited 
by REG1 and REG2's internal circuitry. 


LED dropout indicator 

If high currents are drawn from the 
regulated outputs, the ripple voltage 
across the main filter capacitors, C1 and 
C2, will increase to a high level, and as 
result, the outputs may no longer be 
properly regulated, and there will be 
hum superimposed on the DC voltage. 
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This is clearly undesirable, so a 
dropout LED is mounted on the front 
panel. It lights ifthere is any significant 
AC component on either output. Two 
2.7kQ resistors mix the output voltages 
and the DC component is removed by 
aseries 100nF capacitor. This signal is 
clipped to a maximum of 0.7V peak- 
to-peak by diodes D11 and D12, and 
is then amplified by IC3b. 

The gain is around 575 (takinginto 
account the impedance of the 100nF 
capacitor) and the resulting signal 
is then rectified by diodes D13 to 
D16 and applied to the dropout LED 
(LED5) on the front panel. This LED 
is a red, high-brightness type and 
lights dimly with just afew millivolts 
of ripple on either output, growing 
progressively brighter with increasing 
ripple. It is quite bright by the time 
the ripple waveform reaches 100mV 
peak-to-peak. 


Fixed output 
Regulator REG5 provides a fixed 5V 
output at up to 1A to power the 3.5-dig- 
it LED or LCD panel meter. Since the 
panel meter doesn’t need anywhere 
near 1A, itis also fed to abinding post 
on the front panel, so it can be used as 
a low-current auxiliary output. 
Transient voltage suppressor TVS1 
protects the circuit in case the 5V 
output is shorted to either the main 
positive or negative outputs. If it is 
shorted to a positive vol tage in excess 
of 5V, the 5V rail voltage will rise and 
TVS1 clamps the 5V rail to around 7V 
to 8V to protect the panel meter (Note: 
a 6.8V 5W Zener diode can be used 
instead of TVS1 - see next month). 
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This is the completed mains-powered version with the Altronics 3.5-digit 
LCD readout. The Jaycar LED readout can also be used - details next month. 


If the positive rail current limit 
is set at its maximum, TVS1 could 
be conducting around 1.5A and 
dissipating 1OW or more. TVS1 is 
only rated to dissipate that much 
power for about two seconds and if 
the short is maintained, TVS1 will 
ultimately fail. 

This means that if such a short oc- 
curs, then the load or power must be 
switched off immediately. 

By contrast, if the 5V output is 
shorted to the negative output, TVS1 
is forward-biased and prevents the 5V 
rail from dropping below about -1V. 
Dissipation in this caseis far less, but 
it’s still a good idea to disconnect the 
outputs as soon as possible. 

The only remaining circuitry on 
the main board consists of the three 
voltage divider networks for driving 
the display. Since the panel meter 
is 200mV full-scale (ie, 199.9mV is 
displayed as 1999), we must divide 
the output voltages down by a factor 
of 100. A voltage of, say, 1OV becomes 
100mvV, which is displayed as ‘10.00’. 

The upper portion of these voltage 
dividers consists of 9.1kQ and 8200 
resistorsin series, for atotal resistance 
of 9920. The lower portion consists 
of two 680 resistors, oneof whichisin 
parallel with a500Q trimpot (VR5). By 
adjusting the trimpot, we can get very 
close to having an exact 100:1 ratio. 

Resistor temperature drift is the 
most significant issue for making ac- 
curate readings, and keeping the total 
resistance to 10kQ or below helps 
significantly. 

The third reading to be generated is 
the voltage across both rails, which is 


monitored by 1C4a, another differen- 
tial amplifier. The positive rail 100:1 
divider for the panel meter is re-used, 
but the negative divider is not sinceit 
needs separate trimming. Once again, 
we are using a 500 trimpot (VR7) in 
parallel with a 68Q resistor to com- 
pensate for any errors. 

Because this reading can go above 
20V, it must be further divided by 10 
to stay within the 200mvV range of the 
panel meter. A 10:1 divider on the 
output of IC4a (27kQ and 3kQ) gives 
the correct voltage | evel. 


Front panel board 

To simplify construction, the follow- 
ing components are mounted on the 
secondary PC board: the 6-way meter 
function switch S1, voltage and cur- 
rent adjustment potentiometers VR1 
and VR2, LEDs 3, 4 and 5, load switch 
S2 and the five binding posts — posi- 
tive output, OV, negative output, 5V 
output and earth. 

As can be seen from the circuit of 
Fig.2, the load switch can disconnect 
all three outputs from the regulators. 

The six readout signals are deliv- 
ered to the front panel from the main 
PC board via a 16-way ribbon cable. 
Switch Sla connects the selected 
signal to the panel meter. At the same 
time, the other half of switch S1 (S1b) 
selects the appropriate decimal place 
for that reading. 

A 6-pin connector joins the front 
panel to the panel meter. It carries the 
voltage reading to be displayed and 
its ground reference, plus the wires to 
select each decimal place. At any one 
time, one of the three decimal place 
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Parts List = Dual Tracking =-O0V to 1OV Power Supply 


1 PC board, code 851, 113mm x 
105mm (main board) 

1 PC board, code 852, 98mm x 
58mm (front panel board) 

1 PC board, code 853, 63mm x 
28mm - required only if LCD 
panel meter used 

2 2-way small screw terminal 
blocks (5.08mm pitch) 

1 3-way small screw terminal 
block (5.08mm pitch) 

1 8-way polarised header 
connector (2.54mm pitch) 

2 3-way polarised headers 
(2.54mm pitch) 

2 3-way polarised header 
connectors (2.54mm pitch) 

2 2-way polarised headers 
(2.54mm pitch) 

2 2-way polarised header 
connectors (2.54mm pitch) 

1 16-way IDC vertical connector 
(2.54mm pitch) 

1 16-way IDC line socket 

3 TO-220 mica insulating pads, 
with bushes 

4 9mm tapped nylon spacers 

3 M3 x 10mm pan-head screws 

8 M3 xX 6mm pan-head screws 

3 M3 nuts 

1 3PDT miniature toggle switch 

1 6-way 2-pole rotary switch 

2 black push-on knobs 

1 black 24mm knob 

5 binding posts (red, black, white, 
green, yellow) 

1 1m-length 0.71mm tinned 
copper wire 

1500mm length 16-wire rainbow 
ribbon cable 

Heavy duty hookup wire (1m red, 
500mm green/yellow, 500mm 
black) 

150mm length heatshrink tubing 
(3mm diameter) 

1 3.5-digit LED panel meter 
(common ground) (J aycar 
QP-5580), or 3.5-digit LCD 
panel meter (common ground) 
(Altronics Q0571) 


wiresisconnected tothecommon wire 
and the other two are disconnected. 
The 5V power for the panel meter 
comes directly from the main board. 
The two primary regulated outputs 
and their ground returns, as well as 
earth, are connected to the front panel 
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15 small cable ties 

1 small quantity of thermal grease 

1 8-way 90° polarised header 
(2.54mm pitch) - required only if 
LCD panel meter used 

15kQ 16mm linear potentiometer 
(VR1) 

1 1kQ 16mm linear potentiometer 
(VR2) 

5 5009 horizontal trimpots 
(VR3 to VR7) 


Plugpack- powered version only 

1 plastic instrument case, 200mm 
x 158mm x 64mm (J aycar 
HB-5912) 

1 16V AC 1.38A AC plugpack with 
earth lead (Altronics M9332A) 

1 DPDT miniature toggle switch 

1 3-pin male chassis mount 
microphone socket 

1 3-pin female line microphone 
connector 

1 aluminium sheet, 190mm x 
60mm for rear panel 

1 aluminium sheet, 170mm x 
127mm 

15.3mm eyelet crimp lug 

1M4 x 15mm pan-head screw 

1 M4 star washer 

1M4 nut 

4 No.4 x 6mm self-tapping screws 


Mains- powered version only 

1 plastic instrument case, 260mm 
x 190mm x 80mm (J aycar 
HB-5910) 

1 60VA 30V centre-tapped mains 
transformer (J aycar MM2005) 

1 chassis-mount IEC socket with 
fuse and power switch (J aycar 
PP4003) 

2 500mA M205 fast-blow fuses 
(1 spare) 

1 aluminium sheet, 248mm x 
76mm for rear panel 

1 aluminium sheet, 224mm x 155mm 

7 4.8mm insulated spade crimp lugs 

7 5.3mm eyelet crimp lugs 

7 M4 x 15mm pan-head screws 


viaheavy duty wire. Becausethe front 
panel carries the load switch and 
output terminals, no extra wiring is 
necessary. However, the main power 
switch, power LED and panel meter 
are mounted separatel y. 

That's it for this month. Next month, 


4 M4 spring washers 

6 M4 star washers 

10 M4 nuts 

6 No.4 x 6mm self-tapping screws 

1 200m length 5mm diameter 
heatshrink tubing 


Semiconductors 

3 LM833 dual op amps (IC1, IC2, 
IC 4) 

1 TLO74 quad op amp (IC3) 

1 LM317T adj. regulator (REG1) 

1 LM337T adj. regulator (REG 2) 

1 78L15 linear regulator (REG3) 

1 79L15 linear regulator (REG4) 

1 7805 linear regulator (REG5) 

1 BC549 NPN transistor (Q1) 

1 BC559 PNP transistor (Q2) 

10 1N4004 diodes (D1-D10) 

6 1N4148 diodes (D11-D16) 

1 P4KE6.8 5.5V transient voltage 
suppressor (TVS1) or 6.8V 5W 
Zener diode 

2 5mm red LEDs (LED1, LED2) 

2 5mm amber or orange LEDs 
(LED3, LED5) 

15mm high-brightness red LED 
(LED4) 

15mm green LED (LED6) 


Capacitors 

2 4700uF 25V or 35V electrolytic 
2 100nF 25V electrolytic 

8 10uF 25V electrolytic 

5 100nF MKT polyester 


Resistors 
110MQ 
1 110kQ 
1 100kQ 
4 47kQ. 
1 27kQ 
1 22kQ 
111kQ 


8 4.7kQ 

1 3.3kQ 

1 3kQ 

2 2.7kQ 

41kQ 

3 8200 

1 4700 

2 10kQ 2 1202 

2 9.1kQ 7 680 

2 0.19 5W 5% or 0.12 1W 1% 
(Farnell 1653230) 

1 150kQ (mains version) or 82kQ 
(plugpack version) 


we will describe how to build the PC 
boards, install them in the case and 
wire it all up. 


Reproduced by arrangement 
with SILICON CHIP 
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Last month, we described 
the operation of our new 
off-grid lighting system, 
featuring free power courtesy 

of the sun! Now we move on to the 
fun part: building it! 


’RE confident that this will be a very popular 
project, offering far more features than typical 
‘solar chargers’. 

One thing we didn’t mention last month is that being 
all low-voltage, it would make a perfect school electronics 
project. And the fact that it is decidedly ‘green’ will bring 
a warm glow to any environmentalist teacher’s heart! 

To fully understand the project, you will need to refer 
to the detailed explanation given in Part 1 last month. It 
also contains the circuit diagram, which you might need 
to refer to during construction. 


Construction 

The controller is built on a PC board coded 845, meas- 
uring 133mm x 86mm, and is available from the EPE 
PCB Service. The PC board is designed to be housed in 
a 157mm x 95mm x 53mm utility box (size UB1), clip- 
ping into the integral mounting slots moulded in the 
side of the case. 

Begin construction by checking the PC board for breaks 
in copper tracks or shorts between tracks and pads; repair 
if necessary. Next, check the hole sizes are correct for each 
component. The screw terminal holes are 1.25mm in di- 
ameter (compared to the 0.9mm holes for the ICs, resistors 
and diodes). 

Board assembly can begin by inserting the links and 
the smaller resistors. When inserting the resistors, use a 
digital multimeter (DMM) to help in reading/confirming 
their resistance values, especially where close colours 
might be misleading. 

We used tinned copper wire for the links, although 
0Q resistors may be supplied in kits. These look like 
small resistors, but have just one black stripe around 
their body. 
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As mentioned last month, resistor R2 (100kQ) is only 
installed if a standard PIR detector is to be used. It is left 
out if the recommended (Altronics) PIR is used. 

Next are the diodes, mounted with the orientation as 
shown on the overlay diagram, Fig.6. Don’t mix up the 
Zener diodes and ordinary diodes. Now is a logical time to 
solder in the PC stakes and the 3-way headers for LK1 and 
LK2, plus a 2-way pin header for TP3 and TP4. 

Provided you follow the printed circuit board layout 
(Fig.6) carefully, you should have no problems mounting 
the capacitors. Note that the four electrolytics are polarity 
‘conscious’ and must be inserted the correct way around, 
as indicated in Fig.6. 

The PIC micro, IC1, is mounted on an 18-pin IC socket. Sol- 
der in the socket (with the notch in the direction shown), but at 
this stage, don’t plug in the IC. It’s left out until the 5V supply 
is adjusted. The remaining ICs can either be mounted using 
sockets or mounted directly on the PC board. Ensure each 
IC is placed in its correct position and is oriented correctly, 
with the notch (or pin 1 indicating dot oriented) as shown. 

When you solder the fuse clips in, you’ll see they have an 
end stop or small lugs to prevent the fuse sliding out. The 
lugs need to be at the outer ends of the fuse — if soldered 
in back to front the fuse won’t go in. 

The 0.1Q 5W resistor can be mounted now. The value 
of resistor R1 needs to be chosen according to the lamp or 
lamps used. For more details, see Table 2. 

Next are the trimpots — again, take care to place the correct 
value in each position. Note that most trimpots are marked 
with a code rather than the actual ohm value. For the 10kQ 
trimpots, the marking may be 103, the 20kQ trimpots 203 
and the 500kQ trimpot 504. 

Install the transistors and MOSFETs, taking care not 
to confuse Q2, Q3 and Q5 (all BC337 types) with Q6 (a 
2N7000). Also, ensure that Q1 is the IRF9540. 


3D 


Constructional Project 
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Same-size photo of the 
completed PC board. As you 
can see here, both the LDR 
and LED can be mounted on 
the board (the LDR via CON2) 
and bent over 90° to line up 
with holes in the case. 7! : TE 

Fig.6 (below) matches 

this photo and shows the 
component overlay together 
with the connections to the 
solar panel, SLA battery, PIR, 
LEDs and manual switch. 
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MOSFET Q4istheIRF540 and is mounted horizontally 
on the PC board using a small finned heatsink. The leads 
are bent at 90° before being inserted into the PC board. 
It’s easiest to fasten Q4 to its heatsink and the PC board 
with its screw; ie, before solderingitin place, to ensure 
that it lines up with the screw hole in the PC board. 

The 11-way terminals are made using three 3-way and 
one 2-way section, which dovetail together before install- 
ing onto the PC board. The wire (entry) side should face 
the outside of the PC board. 

Switch S1 can be installed now, followed by LED1, 
which is mounted so the top is about 25mm above the PC 
board. Ensure the anode (the longer lead) goes into the hole 
marked ‘A’. The coil, L1, is mounted upright and secured 
to the PC board with a cable tie as well as being soldered 
(see the photo and layout diagram above). 
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Finally, the LDR (light-dependant resistor) can be installed. 
If you use a clear-lid UB1 box to house the Solar-Powered 
Lighting Controller you may beable to install LDR1 directly 
onto the PC board. Where the lid is not clear, or if the box will 
not be exposed to ambient light, the LDR can be fastened to 
the CON2 connector terminals so that it ‘sees’ through a hole 
in the side of the box. As we mentioned last month, it can 
be remotely located using figure-8 wire. Note that it is either 
on the PC board or remote, not both! LDRs are not polarised. 

Similarly, the NTC thermistor can be installed on the 
PC board or remotely, using a figure-8 cable connection for 
external temperature sensing of the battery. 


Setting Up 


Before we tackle the setting up procedure, links LK1 and 
LK2 need a jumper shunt, with the various options shown 
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Table 1: Lamp operation 


Lamp 
ON 


Lamp 
OFF 


PIR movement 
detection or 
with S1 during 
night time only 


PIR movement 
detection or 
with S1 during 
day time only 


Timer timeout, 
$1 or at dawn 


Timer timeout, 
$1 or at dusk 


Night 
(LDR1 
disconnected) 


PIR movement 
detection or 
with S1 during 
day and night 


Timer timeout 
or S1 


Night 


Day-to-night 
transition 
or with S1, 
night only 


Timer timeout, 
Slor 
automatically at 
dawn 


Night-to-day 
transition or 
with S1, 
day only 


Timer timeout, 
Slor 
automatically at 
dusk 


Night 
(LDR1 


$1 during 
day or night 


Timer timeout 
orS1 


disconnected) 


Table 1: reproduced from last month, this shows the various 
options available with the PIR link in and out and the LDR 
link (LK2) dark, light or disconnected. 


in Table 1. If you are not sure at the moment, take a guess: 
they can be readily altered | ater on. 

With IC1 still out of circuit, but the fusein place, apply 
power to the‘12V SLA Battery’ +and - inputs on connector 
CON1. With aDMM, measure the voltage between pins 5 
and 14 of IC1, then adjust VR1 for a reading of 5.0V. 

Now switch off power and plugIC1 intoits socket, taking 
care to insertit correctly: the right way around and no pins 
bent out of position. Apply power again and measure the 
voltage across thesame(12V SLA battery) inputs. Multiply 
the measured voltage by 0.3125. For example, if the voltage 
is 12V, 0.3125 x 12V = 3.75V. Make a note of this figure. 

Now you need to calibrate the battery voltage so that the 
20°C cut-off voltage for the battery is 14.4V, and the float 
voltage is 13.5V. 

This is really easy: press and hold down switch S1 
(otherwise the reading will be false) and connect your 
multimeter between TP1 and TP2 (with it set to read up 
to 20V). Adjust trimpot VR2 so that the reading equals the 
calculated voltage you wrote down (ie, xV x 0.3125). 


Setting the lamp current 
The Solar-Powered Lighting Controller lamp driver can be 
set up to drive LEDs directly, or alternatively |ow-power 
12V lamps. Fig.7 shows some of the types of lighting that 
can connect to the Controller. 

The 12V lamp varieties could be compact fluorescent 
lamps (CFLs), halogen filament globes or LED globes. The 
distinction we are making between LEDs and 12V LED 
globes is that while 12V lamps can be directly driven from 
al12V supply, standard LEDs cannot. This is because LEDs 
must have a current-limited supply to prevent damage. 
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Output current] 200mA | 350mA [500mA | 700mA | 1A | 2A | 
Rigel SW) = |-330°| 2.20 | 1.50 | 1o 


Table 2: resistor (R1) value for constant current LED drive or 
for over-current limiting. 


Timeout 
calculation 
(approximately) 


2s-250s 2 seconds TP4 voltage 
(4m) x 100s 


4m-480m (TP4 Voltage-2.5V) 
(8h) x 200m 


5V No timeout 


Timeout 
steps 


Timeout 
period 


TP4 Voltage 


OV-2.5V 


2.5V-4,.9V 4 minutes 


Table 3: timeout adjustment using VR4. This is measured 
between TP4 and TP1 (ground) while S1 is pressed. 


Some 12V LED globes usesingleor multipleLEDsin the 
one housing, whichincludesome form of current limiting. 
12V LED lighting may be not very efficient because of losses, 
especially if they use simple-current limiting resistors. 

For example, a typical 5W LED MR-16 halogen light 
replacement may well drive the LED at 5W, but the overal| 
power used by thelamp is 7.2W. This represents a 2.2W or 
31% loss (69% efficiency) in delivering power to the LED 
or LEDs. Note that this efficiency is not the amount of light 
output for a given power input, itis simply the power lost. 

So, while white LEDs are more efficient at producing 
more light for a given power than halogen lamps, the loss 
in thecurrent-limiting resistor for the LED may changethis. 

When using individual white LEDs directly, the Con- 
troller is set to drive them at the required current. As an 
example, three star 1W LEDs would be driven at around 
300mA to 340mA and usea 2.20 resistor for R1. For three 
3W LEDs, thecurrentis around 700mA and R1is1Q instead. 

For 12V lighting, it may be more efficient to use a halogen 
12V lamp, such as the Altronics 12V bulkhead light (cat 
no X2400) instead. 

Current adjustment over asmall range is available using 
trimpot VR6. The easiest way to measure LED current is to 
connect amultimeter (on aDC current range) across thefuse 
clips with the fuse removed. The quiescent current drawn 
while the lamp is off can be subtracted from the total LED 
drive current for more accuracy. 

If you require morethan three LEDs, then aseparate LED 
driver can be used that is designed to drive several LEDs 
in series from a12V supply. 

Anexampleof adriver that can power up to six 1W-LEDs 
in series is the Altronics M3310. The setting up for the 
Controller lamp driver for use with a separate LED driver 
isthesameas for standard 12V lighting where R1is 0.33Q. 


Timeout 
Dependingon your application, thetimer will need to beset to 
an appropriate period. Timeout periods can be adjusted from 
as low astwo seconds up to about 8 hours usingtrimpot VR4. 
Table 3 shows thetimeout with respect to voltage, set by 
VR4. To measure this voltage, a multimeter is connected 
between TP1 and TP4 and the S1 switch is pressed. The 
measured voltage provides a means to calculate the ex- 
pected timeout. For voltages up to 2.5V, the timeout period 
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in seconds is calculated as the voltage 
measured (in volts) multiplied by 100. By 
way of example, a1V setting will provide 
100 seconds. 

Above 2.5V, the voltage is multiplied 
by 200 minutes after first subtracting 2.5V 
from the voltage measurement. So a 3V 
reading will provideatimeout of (3V-2.5V) 
x 200min, or 100 minutes. 

Temperature compensation for the cut- 
off and float voltage is set using VR3. The 
voltage can be measured between TP1 and 
TP3, while S1 is pressed. Compensation is 
adjustable from OmV/°C to -50mV/°C. The 
actual compensation is directly related to 
themeasured voltage. Just dividethe voltage 
by 100 to get the mV/°C value. The actual 
compensation value required depends on 
the battery, with manufacturers specifying 
this mV/°C value. Typically, the value for a 
12V battery is —19mV/°C. So VR3 would be 
set to 1.9V as measured at TP3. 


a 


' (LEDS IN 
a SERIES) 


Installation 

The Solar-Powered Lighting Controller is 
designed to mountin aUB1 box with wires 
for theexternal connections passingthrough 
cableglands. ThechargeLED (LED1) is bent 
over and protrudes through a hole in the side of the box. 

Fig.6 shows the wiring connections for the solar panel, 
the battery and the lamp plus the PIR and manual switch 
terminals at CON1, and the external NTC thermistor and 
external LDR at CON2. As noted the NTC and LDR can be 
mounted on the PC board or mounted remotely (ie, only 
one LDR and one NTC should be connected). 

In mostinstallations, the NTC thermistor can be mounted 
on the PC board because the Controller and battery would 
be housed closeto each other and their temperatures would, 
therefore, be similar. 

However, an external NTC thermistor, attached via a 
length of figure-8 wire and mounted against (glued or taped) 
the side of the battery, would be necessary if the battery is 
installed any distance from the Controller. 


Mounting the LDR 

The LDR needs to be mounted so it receives ambient 
light, but so that it does not receive light from the lamp(s) 
controlled by the Solar-Powered Lighting Controller. For 
some installations, the LDR can be mounted inside on the 
PC board if you use a transparent box and if the Controller 
is exposed to the ambient light. 

Alternatively, the LDR can be wired into CON1 and 
exposed to ambient light by having the LDR mounted into 
a hole in the side of the case. 

WheretheController is mounted inside acabinet or other 
dark place, the LDR can be mounted using a length of figure-8 
wirein aposition whereit will be exposed to ambient light. 


Solar panel position 
The solar panel should be mounted on a roof or similar 
position, and in the UK should be set facing south. 
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WHITE LEDS 
(R1 = 2.20 FOR 
1W LEDS, OR 12 
FOR 3W LEDS) 


(R1 = 0.33Q) 


SY) 12V LAMP OR LAMPS 
(R1 = 0.33Q) 
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Fig.7: the Solar Lighting is designed to drive three 1W or three 3W LEDsin series 
or 12V lamps. Note the value for R1 is different for each lighting circuit. For more 
than three LEDs in series, a separate driver is required. 


Inclination should be roughly 53° up from horizontal 
for the UK. If in doubt, several Internet sites will help 
you, and also suggest better angles for mid-winter or 
high summer. 

Incidentally, many solar panels do not like to be 
partially shaded - we’ve seen reports that even a small 
percentage of shading reduces the output to near zero - so 
care should be taken to avoid any possibility of shadow- 
ing (eg, from a pole or tree) as the sun traverses the sky. 


Mounting the PIR 

When mounting the PIR sensor, its position should be placed 
to provide coverage of the desired detection area. You can 
test coverage by temporarily mounting the PIR detector, 
connecting a12V supply and watch the detect LED light as 
you move around the detection area. 

PIR wiring varies depending on whether you are using 
the (recommended) special low-current Altronics PIR sen- 
sor or a standard PIR detector. 

Fig.8 shows typical wiring for both of these types of 
PIRs. Note that R2 is NOT used for the Altronics PIR, but 
it MUST be installed when a standard PIR detector is used. 
Four-way alarm cableisnormally used for this wiring, with 
only three of the wires used. 

Most PIR units have a ‘tamper’ detector of some sort, 
which normally uses the fourth wire, but in this case, the 
tamper detector can be ignored. 


The lamp 
We made up an LED lamp using three white LEDs, and 
this was shown in the photographs last month. The lamp 
is wired into the Controller using figure-8 wire. 

AnLED light can be madeusinga clear plastic utility box 
or an IP65-rated box with a clear lid. This latter style of box 
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NOTE: RESISTOR R2 
OUT OF CIRCUIT —————> 
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CONTROLLER 
BOARD 


(A) _ USING THE ALTRONICS SX5306 PIR DETECTOR 


Constructional 


NOTE: RESISTOR R2 
IN CIRCUIT (100ka) ———> 


CONTROLLER 
BOARD 


(B) USING A STANDARD PIR DETECTOR 


Fig.8: this shows how to wire up a PIR detector to the Solar-Powered Lighting Controller. When using the Altronics SX5306 PIR 
detector, the plus/minus power leads and the signal wire are connected to the controller as shown. Resistor R2 is not used on the 
controller PC board. For use with standard PIR Detectors, the minus supply is linked to one of the NC contacts on the PIR detector 
relay. The second contact of the NC contact becomes the trigger wire for the controller. Note that R2 needs to be soldered on to the 
controller PC board when using this standard type of PIR detector that uses a relay. 


is more suited to outside use where it must be waterproof. 
The LEDs require heatsinking, so are mounted onto an 
aluminium plate that sits inside the box. The 1P65 box has 
integral mounting bosses for attaching the plate. A plastic 
utility box (the type we used to house the Controller) has 
integral (moulded) side clips for mounting the aluminium 
plate horizontally. 

TheLEDs aremounted on to theplateusingnylon screws 
and nuts. We used three 1W LEDs arranged in a triangle 
pattern on to the plate, but as discussed earlier, 3W LEDs 
could be used instead. 

The LEDs are wired in series and the wires taken out of 
the box via a cable gland (even though the gland is ‘water- 
proof’; for outside use, the box should be mounted so the 
gland emerges from the underside). 

To spread the light more evenly, we cut a ‘diffuser’ to fit 
inside the lid, made from a piece of translucent plastic - 
actually we used a kitchen cutting mat which was about 
0.5mm thick and easily cut with scissors - but any suitable 
translucent plastic sheet could be used. 


Lookingend-on atthecompleted projectshowingboth theL DR and 
LED insidethebox, ‘seeing’ through appropriately placed holes. If 
better water resistance is required (though not waterproofing) some 
clear film or plastic could be glued over the holes on the inside. 
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Finally, usecrimp connectors for the wires connectingto 
thebattery terminals. Never attempt to solder wires direct to 
the battery, as this can cause irrepairabl e damage. EPE 


C oast 


Sorting out your bits and pieces? Check out our E-shop... 
...We offer components, modules, kits, Led lighting, musical 
stuff, Industrial, Contract design, device programming, 
short-range radio, scientific items ... and some really weird things! 


And if we don't have what you need... let us know... 
we just might add it. 


COAST ELECTRONICS 
8 HOLWORTH CLOSE 
BOURNEMOUTH 
BH11 8PF 
Tel:01202 244309 


Laser a Why tolerate when you can automate? 


fe 


C-Bus Shop 


C-Bus and 
C-Bus Wireless 


KATS AV transmission 
and IR control system 


Barix Ethernet based 
MP3, communications 
and control systems 


www.cbus-shop.com 


Laser Business Systems Ltd 
Tel: +44 (0) 20 8441 9788 
Fax: +44 (0) 20 8449 0430 
Email: info@laser.com 

16 Garthland Drive, ENS 386 


www.laser.com 


Integrators, Installers, Trade 
and Retail customers welcome 
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Quiz Machine 


Jump Start 
Jump Start 


By Mike and Richard Tooley 


Design and build circuit projects 
dedicated to newcomers, or 
those following courses taught 
in schools and colleges. 


© Design notes - has a brief explanation of the circuit, 
how it works and reasons for the choice of components 
© Circuit Wizard - used for circuit diagrams and other 
artwork. To maximise compatibility, we have provided 
two different versions of the Circuit Wizard files; one for 
the education version and one for the standard version 
(as supplied by EPE). In addition, some parts will have 
additional files for download (for example, templates for 
laser cutting) 
© Get real - introduces you to some interesting and often 
quirky snippets of information that might just help you 
avoid some pitfalls 
® Take it further - provides you with suggestions for 
building the circuit and manufacturing a prototype. As 
well as basic construction information, we will provide 
you with ideas for realising your design and making it 
into acomplete project 
© Photo Gallery - shows how we developed and built 
each of the projects. 


Quiz Machine 


ELCOME toJump Start - our new series of seasonal 
Wee and build’ projects for newcomers. Jump 

Start is designed to provide you with a practical 
introduction to the design and realisation of a variety of 
simple, but useful, electronic circuits. The series will have 
a seasonal flavour, and is based on simple, easy-build 
projects that will appeal to newcomers to electronics, as 
well as those following formal courses taught in schools 
and colleges. 

Each part uses the popular and powerful ‘Circuit Wizard’ 
software package as a design, simulation and printed circuit 
board layout tool. For a full introduction to Circuit Wizard, 
readers should look at our previous Teach-In series, which is 
now available in book form from Wimborne Publishing (see 


Direct Book Service page 75 in this issue). 


Each of our Jump Start circuits include the following 
features: 


© Under the hood - provides a little gentle theory to 
support the general principle/theory behind the circuit 


involved 
In this month's Jump Start we'll design 
and build a simple Quiz Machine for 
usein school and college, as well as for 
; family fun and entertainment. 
/ssue Coming attractions 
PA Topic i Under the hood 
27 2012 WY | Moisture alarm =< Our Quiz Machine will consist of a 
une 202 Y | qui ; Get_ready for a Brit; ‘master unit’ that can be used with any 
Z Machine ritish_ summer! ‘ prair 
July 20n Battery vai Revision st op! number of contestant units’. 
Alicnise 96 y volt age checker For all Each contestant unit has an answer 
R your port able gear button and an LED indicator that 
remains illuminated on when the 


Solar mobile phone charger 


Away from home/ school 


Sept ember 2012 


Theft alarm 


Protect your Property! 


Oct ober 2019 
November 202 


Wailing siren, flashing light s 


Halloween “ Spooky circuits” 


Frost alarm 


Beginning of winter 


December 20 DQ 


Mini Christ mas light s 


Januar Chri 

ma y 2013 IPOD speaker p “mas ; 

- 2013 Logic probe a ate 

rch 2013 Oing digit al! 

ee DC motor cont roller Ideal ee d 
Egg Timer model makers 

May 20 ; Boil 

J fe oe =ighal injector eo aes 
Simple radio <<fat_signal_go? 

ul Id ; 

July 203 Temperature alarm It z a —— 

in’t_half hot as 


answer button has been pressed, even 
if only momentarily (so there is no 
need to hold the button down to signal 
that an answer is being offered). The 
master unit has a buzzer, LED and a 
reset switch, so that only the question 
master can over-ride the system in 
readiness for anew question. 

The contestant units in our Quiz 
Machine use the silicon-controlled 
rectifier (SCR) technology that we 
introduced in May’s Jump Start. These 
handy devices can be made to switch 
very rapidly from a non-conducting 
state to a conducting state by applying 
a trigger pulse to their input (gate) 


Everyday Practical Electronics, June 2012 
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Jump Start 


terminal. Once triggered into the 
conducting state, the SCR will remain 
conducting, ‘latched’ into the ‘on’ state 
until the forward current is removed 
from the device when the question 
master operates the reset switch. 

An important feature of a Quiz 
Machineistheneed to lock-out answers 
from other contestants once any of the 
answer buttons have been pressed. 
This can be achieved quite easily using 
amultiple wire connectingsystem with 
two or three wires connecting each of 
the contestant units to the master unit, 
as shown in Fig.1(a). 

Since this is a litthke cumbersome, 
and involves a great deal of wiring, 
we decided to develop a system based 
on the use of only two wires in a 
‘daisy’ chain arrangement, where each 
contestant unit is connected in turn to 
the next contestant unitin the chain, see 
Fig.1(b). 


Design notes 
The basic arrangement of our Quiz 
Machine is shown in Fig.2. This shows 
the master and contestant unit PCBs, 
and the components that are attached 
to them. In order to facilitate two-wire 
operation, it is necessary to have some 
means of maintaining the supply to the 
contestant units, so that the triggered 
SCR remains in a conducting state, 
while at the same time alerting the 
master unit to the fact that one of the 
contestant units has been activated. 
This is achieved by means of a voltage- 
sensing circuit that operates on the 
principle of the potential divider (see ' Push to 
Fig.3). answer 
In the basic potential divider shown 
in Fig.3(a), the output voltage, V 
will be given by: 


OUT’ 
contestants 

R2 

Vere = VgX¥ ——— 
Ree 


In the Quiz Machine, R1 is simply 
a fixed resistor connected in the 
common positive supply to all of 


the contestant units, while R2 is 
the effective resistance of all of the 
contestant units when connected in 
parallel. With none of the contestant 
units activated, R2 will be very high, 
but when one of the units is in the 
triggered state the current demand 
will increase and the value of R2 Voltage 


will fall. This, in turn, will cause the sensing 
output voltage to fall. i Trigger 
The voltage change produced by the 
potential divider needs to be sensed 
within the master unit. This can be 
achieved by means of the voltage 
sensing circuit shown in Fig.3(b). The 
voltage-sensing arrangement produces 
an output that triggers an SCR in the (a) Potential divider principle (b) Voltage sensing arrangement 
master unit whenever any one of the 
contestant units has been activated. Fig.3. Potential divider and voltage sensing arrangement in the master unit 
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Forward current (mA) 


Contestant 
unit 


1 2 3 
Forward voltage (V) 


+ Reverse breakdown 
Liosed when Ve> (Vr * Ve 


Open when Ve < {V 


Fig.4. Voltage sensing arrangement used in the master unit 


base-emitter 
voltage for TRI, 
current will flow 


The voltage-sensing arrangement and 
used in the master unit is shown in 
Fig.4. This uses a Zener diode (D1) 
which acts as a ‘voltage reference’. into thebaseof TR1, 
Zener diodes are silicon diodes, but causing it to turn 
unlike normal diodes, they exhibit on and conduct 
an abrupt reverse breakdown at heavily. The rapid 
relatively low voltages (for example, increase in base 


. -40 i bi 
Reverse current (mA) 


Fig.5. The V/I characteristic for a 7.5V Zener diode 


5.6V, 6.8V or 7.5V). A typical V/I 
characteristic for a 7.5V Zener diode 
is shown in Fig.5. 

Note how the reverse voltage 
remains constant for a wide range of 
reverse current. This property makes 
this typeof diodeideal for providingus 
with a reference voltage against which 
another voltage can be compared. 

The transistor shown in Fig4 
operates as a switch. When the input 
to the voltagesensing arrangement 
exceeds the sum of the Zener voltage 


current will resultin 
a corresponding increase in collector 
current (see May EPE), and this will 
cause the collector voltage to fall to 
a very low value. In this state, there 
will be insufficient voltage present at 
the gate of SCR D2 to cause it to be 
triggered. D2 is thus placed in the off 
state, waiting for a response from one 
of the contestant units. 

When any one of the contestant 
units is activated, the supply current 
will increase and the input to the 


voltage-sensing arrangement will 
fall below the threshold required for 
the Zener (D1), to conduct. In this 
condition, TR1 will rapidly switch off 
and enter a non-conducting state. 

As a result. the collector current of 
TR1 will rise to a value which will be 
sufficient to trigger D1. Once triggered, 
D1 will remain in the conducting state 
(along with the SCR in the activated 
contestant unit) until the circuit is reset 
by momentarily interrupting the supply. 


Get real! 

Besides being a useful tool for designing and simulating 
electronic circuits, Circuit Wizard can also provide you 
with insight to how individual components work. For 
example, the voltage characteristic of a Zener diode can 
be quickly and easily obtained by constructing a simple 
‘test circuit’, like the one shown in Fig.6. This circuit uses 
a power supply that feeds current to anominal 7.5V Zener 
diode via a series current-limiting resistor, R1. 

The circuit shown in Fig.6 uses a ‘virtual instrument’ 
to measure the Zener voltage when current is applied to 
it. The voltmeter is obtained by selecting ‘Gallery’ then 
‘Virtual Instruments’ followed by ‘Digital Multimeter’. 
The DMM virtual instrument can then be dragged into the 
circuit. 

The power supply is obtained by a similar process, but 
this time you need to select ‘Gallery’ then ‘Power Supplies’ 
followed by ‘Input Voltage’. The voltage source can then be 
dragged to the open circuit window. 

When you have placed the voltage source in your circuit, 
you can right-click the mouse on the input terminal and 
select ‘Properties’. This will produce a dialog box in which 
you can set the required voltage in the ‘Value’ field, and 
also designate a key that will allow you to adjust the 


BD te tlt View Peet Wind fey 


osu @é Gite 


ee ee et oe oe ee 


Fig.6. Using Circuit Wizard to measure the voltage of a 
Zener diode 
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voltage from the keyboard. In our case, 
we used the ‘V’ key, which will raise 
the voltage in 1V steps each time the 
key is pressed unshifted, and reduce 
the voltage in 1V steps each time the 
key is pressed with the shift key. 

When the circuit is complete, you can 
use the ‘Run’ (right arrow) key to obtain 
a set of readings like those shown in 
Table 1. Note that we’ve included a 
column of ‘real’ results in order to 
show how the voltage obtained from 
Circuit Wizard compares with those 
obtained from a real circuit. Notice 
both sets of results show clearly how 
the Zener diode effectively ‘clamps’ the 
voltage once it exceeds 7.5V! 


Circuit Wizard 


Quiz Machine 


Table1: Comparison of values obtained from Circuit Wizard with a real circuit 


Input Zener voltage Input Zener voltage 
voltage voltage 
() Virtual circuit Real (V/) Virtual circuit Real 
(Circuit Wizard) circuit (Circuit Wizard) circuit 
4 4 4 10 7.52 7.62 
5 5 5 11 7.53 7.64 
6 6 6 12 7.54 7.65 
7 7 7 13 7.55 7.66 
8 7.48 7.58 14 7.55 7.67 
9 7.51 7.60 15 7.56 7.68 


S WITH all of our Jump Start 

circuits, we’ve given you the 
underpinning theory, putting it into 
practice using circuit simulation and 
converting it to a PCB design. The 
Circuit Wizard software that we’ve 
used throughout the series makes this 
process really simple and great fun, 
and we always recommend following 
the tutorials to enter the circuits and 
converting them to your very own PCB 
designs. 

However, if this isn’t your bag, you 
can simply use our artwork to prepare 
your boards or download our own 
Circuit Wizard files from the Jump 
Start website at: www.tooley.co.uk/ 
epe. — Don’t forget, if you’d just prefer 
a pre-made PCB, you can purchase 
these from the EPE Magazine PCB 
service (see page 78). 


To start, let’s enter the 
full Quiz Machine circuit 
into Circuit Wizard. Fig.7 
shows our Quiz Machine 
circuit for two contestants. 
Ensure that you enter the 
circuit accurately and 
change each component 
to the appropriate model 
and/or value. 

A neat feature of Circuit 
Wizard is the ability to 
assign a key to a switch, 
so that you can simply hit 
the corresponding key on 
your keyboard to simulate 
a button press (Fig.8). 
This is particularly useful 
when you want to see 


how a circuit responds to rapid or 
simultaneous button presses. 


D9 
BZXS5C, 7V5 


Contestant Unit 1 


BZXSSC, 7V5 


Contestant Unit 2 


IATMTM VOL > 


Fig.8. Setting a switch key in Circuit 
Wizard 


D1 


BZX55C, 7V5 


Qi 
BC548B 


Master Unit 


Fig.7. Simulating our Quiz Machine with two contestants 


Everyday Practical Electronics, June 2012 


ON/OFF 


1] swi 


Jump Start - Part 2.indd 43 


18/04/2012 12:35:17 


Quiz Machine 


Jump Start Es 


Run the circuit and testits operation. 
The ‘Current Flow’ view is really 
useful to see how the circuit functions 
in operation. By hovering the mouse 
over any point you can get a tooltip 
showing the voltage and current at 
that node. Try monitoring the voltage esr arr tt vi Peart 
just to the left of R4. : ; eee. 8.12mA (amps) 

Notice that when the buzzer is off, 
the voltage is around 8.8V - enough 
to trigger the SCR on one of the 
contestant units (Fig.9a). However, 
when either unit has been activated 
the voltage drops to 6.8V, no longer 
enough to trigger the remaining 
contestant SCRs and therefore ‘locking Fig.9. (a) Supply voltage with both units inactive (b) zStpey a when one 
them out’ (Fig.9b). contestant unit has been triggered : - 


Quiz Master controller 


O, WE'RE satisfied that the circuit 

operates as we’d want - now 
it’s time to look at converting it to a Fig.10. Quiz Master Controller circuit 
practical PCB that wecan build for real. diagram produced by Circuit Wizard 
In our example PCB, we've decided to 
separate the circuit into a master unit 
and two or more contestant units that 
can be ‘daisy chained’ together. 

However, you may prefer to design 
the project as a single PCB. Our Quiz 
Machine master unit and contestant 
unit circuits are shown in Fig.10 and 
Fig.11. Note that we've added two-pin 
terminal connectors where the units 
will connect to each other, and for an 
off-board buzzer. 

As you can see, the two individual 
circuits are very simple, with a 
low component count and you 
should find that Circuit Wizard will 
automatically route your circuit 
into a functional PCB. However, 
we would always recommend first 
setting out the components manually 
before auto-routing the tracks, or 
manually adding the tracks to get a 


C / R Gc U / if VV, f| ly 4 R D Circuit Wizard is a revolutionary new software system that 


combines circuit design, PCB design, simulation and CAD/CAM 
manufacture in one complete package. 


By integrating the entire design process, Circuit Wizard provides you with 
all the tools necessary to produce an electronics project from start to finish 


—even including on-screen testing of the PCB prior to construction! Order direct from us on 01202 880299 
+ Circuit diagram design with component library (500 +& Interactive PCB layout simulation 
components Standard, 1500 components Professional) 3% Automatic PCB routing 
o 
2& Virtual instruments (4 Standard, 7 Professional) 3 Gerber export 
# On-screen animation & Multi-level zoom (25% to 1000%) 
¢& Interactive circuit diagram simulation 3 Multiple undo and redo 


+ True analogue/digital simulation + Copy and paste to other software 
2 Simulation of component destruction 
2 PCB Layout 
This software can be used with the Jump Start and Teach-In 2011 series 
(and the Teach-In 4 book). 


Standard £61.25 inc. VAT Professional £91.90 inc. VAT 


2 Multiple document support 
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Circuit Wizard 


You will need... 
Master unit 


1 PCB, code 854 (Master), available 
from the EPE PCB Service, 
size 76mm x 51mm 

1 miniature push-to-break switch 

1 9V battery, with clip and leads (B1) 

3 2-way PC-mounting screw terminal 
blocks (B1, CN1, CN2) 

1 miniature 6V to 9V buzzer 


Semiconductors 

1 BC548B NPN transistor (Q1) 

1 BZX55C 7.5V Zener diode (D1) 
1 C106D thyristor (SCR) (D2) 

1 5mm red LED (D3) 


Resistors 
3 1kQ (R1, R2, R3), 
1 270Q (R4) 


Anote regarding Circuit 
Wizard versions: 


Circuit Wizard is available in several vari- 
ants; Standard, Professional and Education 
(available to educational institutions only). 
Please note that the component library, vir- 
tual instruments and features available do 
differ for each variant, as do the licensing 
limitations. Therefore, you should check 
which is relevant to you before purchase. 
During the Jump Start series we aim to use 
circuits/features of the software that are 
compatible with the latest versions of all 
variants of the software. However, we can- 
not guarantee that all items will be opera- 
tional with every variant/version. 


Fig.11. Circuit diagram for a single contestant unit, produced by 


really smart layout. However, this is 
entirely up to you. 

When converting the contestant 
units to PCB, we chose to customise the 
PCB layout conversion so that we could 
set the switch as a 6mm tactile button 
and change the PCB shape to a circle 
(Fig.12). We also unchecked automatic 
component placement, then having 
arranged the components so as to 
minimise cross-overs of the unrouted 
nets, we drew standard width tracks 
manually. 

Once you've designed your PCB, 
it’s always worth running a ‘Quality 
Report’ (Fig.13a). This really useful 
Circuit Wizard feature will check 
your PCB design against your original 
circuit to make sure that it matches 
up properly, as well as carrying out 
a number of checks on your design 
(Fig.13b). 


) dalmt~| 42 2h ge 
e~ Flying Wire 
=" B Circuit Board 


.| BB Copper Area 


, 3] Auto Route... 


Fig.13. (a) Quality check toolbar 
(b) quality report 


Quiz Machine 


You will need... 
Contestant unit 


1 PC board, code 855 (Cont), available 
from the EPE PCB Service, size 
64mm diameter 

1 mini ‘tactile’ pushbutton switch, PC 
mounting, size 6mm x 6mm (SW1) 

2 2-way PC-mounting screw terminal 
block (CN1 and CN2) 


Semiconductors 
1 BZX55C 7.5V Zener diode (D1) 
1 C106D thyristor (SCR) (D2) 


1 5mm red LED (D3) 


Resistors 
11k (R1) 
1470 (R2) 


The dee end shage of te privted crcl boord to be 
Qerer ated can be specified below. 
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Our completed PCB designs are 
show in various views in Fig.14 and 
Fig.15. 

As a final test before warming up the 
etch tank, we created a new Circuit 
Wizard file, then copied and pasted 
the master unit and two contestant 
unit PCBs on to the PCB layout 
sheet. After virtually wiring up and 
adding off-board components (battery, 
buzzer and push-to-break momentary 


switch), we could virtually test the 
whole system (Fig.16). Note that 
when the PCBs are pasted, Circuit 
Wizard automatically renumbers the 
components for each component; 
therefore, we would only recommend 
using the file for simulating the PCBs 
together, but actually producing the 
PCBs from the individual unit files. At 
the end of this instalment you will find 
our gallery showing some additional 


Quiz Machine 


photographs taken throughout the 
production stages of our PCBs, as well 
as some shots of the finished article. 


Teacher’s Tip 

If you’re teaching electronics, it’s a 
great idea to build one master unit and 
have all of the students design and 
build their own contestant units. You 
can then connect them all together 
and use them in class! 
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Fig.15. Quiz Machine contestant unit printed circuit board (PCB) component layout and copper track artwork 
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system test of the Quiz Machine 


BE) Fig.16. Using Circuit Wizard to carry out a complete 
al 
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For more info 
www.tooley.co.uk/epe 


PCB artworks (printed on laser artwork film) for both Developed contestant unit entering 
units, ready on the UV exposure unit. Note that the film etch bath 
is print side up 


Master unit being developed prior to Contestant unit being ‘rounded’ using 
UV exposure a bench disc sander 


Drilling the contestant unit PCBs 


Students from Chichester College 
trying out the prototype system 
Four contestant unit PCBs ready for 


drilling ' 


Complete quiz buzzer system wired 
up ready for action! 


Next month 

In preparation for the summer holidays, we will be 
developing and constructing a Battery Tester that will be 
ideal for checking the batteries that you'll need when away 
from home. See you next month! 


Special thanks to Chichester College for the use of their 
facilities when preparing the featured circuits. 
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Pico SCOPE 2205 MSO 


PC OSCILLOSCOPE 


The 2205 MSO can certainly be 
recommended for anyone seeking a 
unit of this type, one that includes 
a signal generator and a basic logic 


analyser facility. 


by Robert Penfold 


N THE world of electronics, Pico 

Technology is well known for 
its range of PC add-ons, which are 
basically fast analogue-to-digital 
converters that effectively turn 
the host computer into a storage 
oscilloscope. In fact, these units, with 
the aid of the accompanying Pico 
Technology software, generally go 
beyond the main task of providing 
a storage oscilloscope. Additional 
features such as waveform generation, 
data logging, and spectrum analysis 
are usually included as well. 


Facts and figures 

The PicoScope 2205 MSO reviewed 
here is one of the 2000 series entry- 
level units, but it is nevertheless a 
very capable unit. The MSO part of 
the name stands for ‘mixed-signal 
oscilloscope’, and refers to the fact that 
the unit can simultaneously display 
analogue and digital signals. 

It is a standard dual-channel 
storage oscilloscope, but it also has 
a 16-channel digital input, and there 
iS a waveform generator output. The 


bandwidth of the analogue channels 
is a respectable 25MHz, and the 
maximum sampling rate is quoted 
as 200 million per second for single 
channel operation (100 million per 
channel for dual channel operation). 

There are a number of advantages 
when using a_ PC-based virtual 
oscilloscope, but there is a potential flaw 
with units of this type The problem is 
that there can be a ‘bottleneck’ in the 
link between the interface and the 
computer, especially when using a very 
fast converter that can produce many 
millions of samples per second. 

The way around this is to have 
some memory in the interface unit to 
provide buffering, and in the case of 
the PS 2205 MSO there is a 48k buffer. 
The resolution of the unit is 8-bits, 
although 12-bit resolution is claimed 
when using a system of resolution 
enhancement. 

The PicoScope unit is housed in a 
tough plastic case that measures about 
180mm by 135mm by 30mm. Control 
knobs and switches are conspicuous 
by their absence. Theunitis controlled 


entirely via the PicoScope 6 software 
running on the host PC. 

There are two BNC sockets and an 
LED indicator light on the front panel. 
The two sockets are the main (channel 
A and channe! B) analogue inputs, and 
there is no external trigger input. The 
indicator light switches on when the 
unit is connected to an active USB port, 
and it flashes when the unit is actually 
operating. There is a 20-way connector 
on the front panel that provides the 
16-channe! digital input. A third BNC 
connector on the rear panel is the 
output for the unit’s built-in signal 
generator. Also on the rear panel there 
is a USB socket, and this is connected 
to a spare USB socket on the host 
computer using the supplied 2m cable. 

The unit is powered from the 
host computer, which avoids the 
inconvenience of a mains adapter. 
However, the unit must be connected 
to a USB port that has a proper power 
output line. The unit will not work 
if it is connected to something like a 
passive USB hub, or a ‘cut down’ USB 
port on a portable PC of some kind. 
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Fig.l. The PicoScope 6 software has a_ conventional 
Windows user interface. Here it is displaying electrical 
noise in the environment, which is predominantly 50Hz 
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Fig.2. It is easy to zoom in on part of a waveform and then 


pan around it by dragging the rectangle in the thumbnail 
view 
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Fig.3. It is possible to have multiple windows. 
example the Channel A and Channel B traces are being 


displayed in separate windows 


The minimum specification required 
for the host PC is not very demanding. 
The processor must be a Pentium or 
equivalent type, and the minimum 
requirements for memory and free disk 
space is 50+ megabytes. The unit can 
be used with a USB 1.1 port, but a USB 
2.0 typeis recommended. The operating 
system can be Windows XP (SP2), Vista, 
or 7. | did not try it with an ageing PC, 
but it should work well with old PCs 
that have a very basic specification, 
provided one of the supported versions 
of Windows is installed. 


Starting line 

As tends to be the case these days, 
the only printed manual supplied 
with the unit is a multi-language 
Quick Start Guide that describes 
the installation process. Following 
its advice, | installed the software 
before connecting the PicoScope 
to the computer, and there were 
no problems in getting the system 
properly installed and working. The 
program has the usual built-in help 
system, and there is also some online 
help available. 

The main piece of software provided 
with the interface is the PicoScope 
6 program (Fig.1), which provides 
the virtual dual-trace oscilloscope 
function, together with a range of 


Everyday Practical Electronics, June 2012 


In this 


ae ees oe —= 


Fig.4. The time-base can be switched off so that the X axis 
can be controlled by an input signal. This enables lissajous 


figures to be displayed 


additional features. The user interface 
relies on conventional Windows-style 
menus and toolbars, and there are no 
virtual control knobs and switches. 

The range of features offered by 
this program is enormous, but the 
conventional and well designed user 
interface makes it reasonabl y easy to use. 
The main functions are easily accessed 
via pushbuttons on the toolbars. 

By default, the program runs in the 
single-trace oscilloscope mode. Buttons 
in the lower toolbar enable the two 
channels to be individually switched 
on and off, and with dual channel 
operation, the two traces are displayed 
in different colours (blue/red). Further 
buttons enable DC or AC coupling to be 
selected for each channel, and a range 
of full-scale sensitivities from +50mV 
to +20V are available via drop-down 
menus. These have increments in the 
usual 1-2-5-10 sequence. 

Onall inputs, themaximum safeinput 
potential is 20V. Thereis an Auto option 
for each channel, and this automatically 
selects the sensitivity that will display 
the waveforms most effectively. 

The upper toolbar has a drop-down 
menu that enables the sweep rate to be 
set at preset steps from 50ns to 1000s, 
and this again increments in the usual 
1-2-5-10 sequence. There is an Auto 
Setup button that makes it unnecessary 


to set the controls manually. Operating 
this button results in the input signal 
being analysed, and the program 
then provides the optimum settings, 
including the ones for sweep rate and 
sensitivity. 


Zooming in 

Several of the buttons on the upper 
toolbar enable changes to be made to 
the main display. One of these enables 
the view to bezoomed in thehorizontal 
plane, and this is essentially the 
same as the X expansion control on a 
conventional oscilloscope. 

There are normal Windows-style 
pan and zoom controls, including 
a type where you drag a rectangle 
around the part of a waveform that 
is of interest, and that area is the 
zoomed to fill the display area (Fig.2). 
A thumbnail view of the complete 
waveform is also displayed, and this 
shows a rectangle around the zoomed 
part of the waveform. 

Panning around the zoomed view 
can be achieved by simply dragging 
this rectangle using the mouse. It is 
possible to have multiple windows, 
with each one displaying something 
different. At its most basic level, 
this simply entails having separate 
windows to display the waveforms for 
channels A and B (Fig.3). 
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The button at the left end of the 
lower toolbar brings up asmall control 
panel that provides access to some 
advanced features, the most useful 
of which is probably the resolution 
enhancement. This effectively gives 
an increase in the vertical resolution 
by using an averaging technique. The 
enhancement is adjustable from 8 bits 
to 12 bits, in 0.5 bit increments. Using 
resolution enhancement has some 
drawbacks, with the main one being 
some loss of high frequency detail. 
Therefore, the degree of enhancement 
used has to be a compromise between 
increased resolution, and overly 
smoothed waveforms that lack fine 
detail. 


Triggering 
The toolbar along the bottom of the 
screen is mainly concerned with 
the system's trigger function. There 
are on and off buttons, plus further 
buttons and menus that provide 
options such as, triggering on the 
rising or falling edge, auto, repetitive, 
or single-sweep operation, and the 
various trigger levels. There is also a 
free-running option for the timebase, 
and an automatic mode where the 
software selects the type of triggering 
that it deems most suitable for the 
characteristics of the input signal. 
With no separate Sync input on the 
PicoScope unit, it is obviously not 
possible to display two waveforms 
while using a third signal for 
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synchronisation. However, it is 
possible to display one waveform 
while using the second channel with 
an unseen synchronisation signal. It 
is possible to switch off the timebase 
altogether and display Lissajous 
figures (Fig.4) by opting to have the X 
axis controlled by the other channel. 


Taking measures 

The three buttons at the right end of 
this toolbar enable a measurement to 
be added to the display, removed, or 
edited. For example, using this feature 
it is possible to add the AC RMS value 
of the signal. The measurement is 
added below the waveform display, 
with maximum, minimum, and 
average levels being indicated. 

A large range of measurement types 
are available, including frequency, fall- 
time, risetime, duty-cycle, true RMS 
voltage, and peak-to-peak voltage. 
Several different types of measurement 
can be added for each signal if required. 

The PicoScope 6 software provides 
some useful extras, and one of these is 
a spectrum analyser facility. This can 
have various maximum frequencies 
from 100Hz to 25MHz. 

Fig.5 shows the result of feeding 
the 1kHz square-wave output of the 
built-in signal generator into channel 
A and using the spectrum analyser 
mode (upper display) with maximum 
frequency set at 20kKHz. The spikes 
show the expected strong fundamental 
components and odd numbered 


harmonics. The lower display in Fig.5 
shows the input waveform. 


Signal generator 

The built-in signal generator is 
controlled via a dialogue box (Fig.6) 
that is activated via a button in the 
lower toolbar. This offers a number 
of output waveforms including sine, 
square, triangle, two types of ramp, 
and white noise. A range of output 
frequencies from 0.03Hz to 100kHz are 
available. There is an optional feature 
that enables the output frequency to be 
swept up or down. 

Inevitably, the quality of the output 
signal reduces somewhat at higher 
frequencies, but good quality signals 
are produced over the audio range 
and beyond. The maximum output 
level is 2V peak-to-peak, and a range 
of lower output levels down to 1lmV 
peak-to-peak can be provided. It is 
possible to use the oscilloscope and 
signal generator functions at the same 
time. 

Another button on the toolbar brings 
up a dialogue box that enables the 
required digital inputs to be selected 
(Fig.7), and if required, they can be 
organised into groups. This gives a 
simple logic analyser facility, and the 
digital waveforms can be displayed 
above or below the analogue display. 
| did not get a chance to thoroughly 
check this aspect of the unit, but with 
a few simple tests everything seemed 
to work as expected. 
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One of the advantages of a computer-based oscilloscope 
is that the results obtained can be easily transferred into 
other programs. The File menu has options that permit the 
display area to be saved in various file formats, such as BMP 
and TIF, and formats such as CSV for transferring data to a 
spreadsheet. Various copy options are available from the Edit 
menu. The display area can also be printed using any printer 
that is installed in Windows. 

As I have previously installed Pico products on my PC, 
when loading the 2205 MSO it picked up the data logging 
programme called, ‘PicoLog’, from a previous application. 
In this instance it appears to be incompatible with the 2205 
MSO, but it is compatible with the rest of the 2000 series, 
so well worth leaving on your PC. 

However, I would guess that buyers of the 2205 MSO 
are primarily interested in its potential as an oscilloscope 
and its signal generating facilities, rather than data 


logging. 


Conclusion 

The PicoScope 6 software has a comprehensive range 
of facilities, and it has not been possible to cover all its 
capabilities here. For example, there is a persistence 
mode for use with non-repetitive waveforms. In this mode 
existing traces are not erased as new ones are added, and 
a complex display can be built up. There are also maths 
channels, which display additional traces such as channel 
A +channel B, or channel A — channel B. 
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A demonstration version of the program is available, and 
anyone contemplating the purchase of a PicoScope would 
be well advised to download and try this program. 

One of the main advantages of a computer-based 
oscilloscope is that it provides a sophisticated instrument 
at a lower cost than a standalone unit. This assumes that a 
suitable host PC is available, but practically any PC running 
a supported version of Windows and having a spare USB 2 
port should suffice. 

At £349 + VAT, the PicoScope 2205 MSO is not cheap, 
but it offers good value for money when you consider its 
capabilities and the range of additional facilities it provides 
via the PicoScope 6 software, which is included with it. A 
USB lead is included in the price, but it should be noted that 
the analogue and digital test leads are extra. The PicoScope 
2205 MSO can certainly be recommended for anyone seeking 
aunit of this type that includes a signal generator and a basic 
logic analyser facility. 

A kit option is available priced at £399 which includes 
a digital cable, two packs of 10 test clips and two 60MHz 
oscilloscope probes. 

For more information, contact: Pico Technology Ltd, Dept 
EPE James House, Marlborough Road, Colmworth Business 
Park, Eaton Socon, St Neots, Cambridgeshire, PE19 8YP. 
Tel 01480 396395, Fax 01480 396296, email marketing@ 
picotech.com. More information and demonstration 
software is available from the Pico website at: www. 
picotech.com. 


‘ V4 A Broad-Based Introduction to 
Electronics plus FREE CD-ROM 


The Teach-/n 4 book covers three of the most 
important electronics units that are currently 
studied in many schools and colleges. These 
include, Edexcel BTEC level 2 awards and the 
electronics units of the new Diploma in 
Engineering, Level 2. 


The Free cover-mounted CD-ROM contains the 
full Modern Electronics Manual, worth £29.95. 
The Manual contains over 800 pages of 
electronics theory, projects, data, assembly 
instructions and web links. 


A package of exceptional value that will appeal to 

all those interested in learning about electronics 

or brushing up on their theory, be they hobbyists, 
students or professionals. 


Available from WHSmiths 
NOW! 


or order from Direct Book Service and get it 
delivered direct to your door: 


Tel: 01202 880299 
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GPS Altitude Display with a 

chipKIT so quickly, we thought 
it would be interesting to repeat the 
exercise using MPALB and a ‘home 
grown’ PIC18F processor board to see 
what the differences are in develop- 
ment approach and speed. 


| aving completed last month’s 


Altitude display - take two 

First, we needed a microprocessor 
development board to replace the 
chipKIT. 

After an hour of digging through 
drawers full of old circuit boards and 
boxes of chips, we ended up with a 
small unpopulated PCB designed to 
take a PIC18LF2520 (and not much 
else.) There was enough I/O available 
on header pads, a PICkit 2 program- 
ming adaptor interface, and space for 
a 3.3V regulator, so it seemed an ideal 
starting point. The PIC18F2520 is no- 
where near as capable as the PCI 32, but 
our altitude display is not demanding 
of processor power, and this was more 
of an experiment in how the develo- 
pent approach differed, rather than try- 
ing to maximise raw processing speed. 

The PIC18F2520 has a UART inter- 
face and many general purpose I/O 

ins, so it was a simple task finding 
wheretheGPS and LCD moduleshould 
be wired up to. Once this was done, it 
was time to look at what software tools 
we would use. The obvious solution 
was a PICkit 2 programmer/debugger 
unit and MPLAB IDE, with the free C18 
‘C’ language compiler. 


Slowly does it 

Just as we did last time, we crept up 
on the design slowly, deciding to start 
with toggling an I/O pin. Straightaway, 
we were into hardware dependencies 
that required us to look deeply into 
the datasheet: how do we configure the 
config bits in the device for the crystal 
we are using? What values should | 
program into the remaining config reg- 
isters that | don’t care about? 

This took several hours of reading 
and experimentation, especially as the 
details of how you set the config bits in 
your code were buried deep within an 
MPLAB help file. Setting the config bits 
correctly is essential; without these, 
your code will simply not run at all (or 
worse, exhibit bizarre behaviour.) 

Moving on, we wanted to flash an 
LED using a timer interrupt. We had 
to work out how interrupts are config- 
ured, interrupt routines written, and 
even how to work out what values to 
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Fig.1. Part assembled Bike Altitude 
Display 


write to the timer registers. Each of 
these steps proved to be onerous (even 
with our own previous experience of 
writing applications in ‘C’ for this very 
processor!) Two more hours passed. 
Eventually, we had an LED flashing. 

As we now had a basic hardware 
setup working, it was only a few 
minutes later that we had the LCD 
backlight flashing — but, several hours 
longer than it took to get to the same 
stage with the chipKIT. 


Reading GPS data 

Moving forward slightly quicker, it was 
time to try reading GPS data from the 
UART. Once again, this required care 
ful study of anumber of sections in the 
datasheet to work out how to configure 
the UART, how to clear receive error 
conditions, and how to set the desired 
baud rate (which required the use of a 
calculator and acertain amount of head 
scratching.) 

We even had to resort to an oscillo- 
scope to confirm that the settings were 
correct, which they weren’t at first. 
MPLAB was quite helpful here, as we 
could place breakpoints on the serial 
routines and see the correct values ar- 
riving from the GPS unit. 

Now things really started speeding 
up. Because the SPI and LCD routines 
developed under the chipKIT Arduino 


platform were actually written in ‘C’, 
porting them to the new processor was 
quite straightforward, and it took only 
an hour to get the complete project 
running. With the processor board we 
picked being populated with surface 
mount components we ended up with 
quite a small assembly, which you can 
seein Fig.1. 

As we really did end up attaching 
this to a mountain bike, we added a 
small lithium polymer rechargeable 
battery, which gave 10 hours of life be 
tween charges. (We will discuss using 
lithium polymer rechargeable batteries 
in alater article.) 


Conclusions 

It became clear that the Arduino devel- 
opment environment, with it’s quick 
‘build — download — run’ process, the 
example ‘get me going’ programs, and 
the range of simple to use library func- 
tions, does make the software develop- 
ment process much quicker and more 
fun. It’s an ideal platform for experi- 
menting with new ideas, or new exter- 
nal devices, before facing the challeng- 
es of a final project. At which point, 
you would almost certainly switch 
back to MPLAB, and start pulling out 
the datasheets. 

While MPLAB provides greater de 
bugging facilities, if you are trying out 
different user interface designs for ex- 
ample (‘move that string two pixels to 
the left; no, down two’) MPIDE wins 
hands down. 

It made the author realise that there 
needs to be something to perhaps 
bridge the gap between developing in 
MPIDE and the full ‘start from scratch’ 
approach when developing a custom 
project in MPLAB. This is something 
that we will be take up later in the year 
with our new ‘C for PICs’ series. 


Back to chipKIT - video 

We go back to the chipKIT Arduino 
platform now to look at making an 
Arduino library for generating video. 
This is going to make use of the power 
of the PIC32 processor fitted to the 
Uno32 board. Although it will require 
some intensive research, and detailed 
study of the processor datasheet, the 
idea is that you write this once, and 
then the library can be reused in the 
future without need to revisit the com- 
plex ‘stuff’. 

We have covered video generation 
before with the PC24 processor, gen- 
erating monochrome composite video 
to drive televisions. This time, we will 


Everyday Practical Electronics, June 2012 


do something different - our aim is to 
produce an RGB video output, suitable 
for driving those VGA LCD monitors 
that are now so readily available on 
the second-hand market. We say ‘aim’, 
because we do not yet know just how 
easy this will be to achieve. 

Let’s start with the basics - what the 
VGA standard is, and what it looks like. 

The term VGA originally referred to 
a graphics card manufactured by IBM 
in the 1990s that had a display resolu- 
tion of up to 640 x 480 pixels. These 
days VGA refers to the physical display 
interface, the 15-pin DE-15 connector 
and a range of loosely related video 
standards commonly called ‘Super 
VGA’ or SVGA. 

SVGA covers resolutions from 800 
x 600 pixels to in excess of 1024 x 
768 pixels, but as we will be generat- 
ing our signals from a microcontroller 
with a slow clock and limited mem- 
ory, we already know that we will be 
forced to run at arelatively low screen 
resolution. 


Factor-three 

There are three factors that we have 
to consider: pixel resolution, colour 
depth and display refresh rate. On top 
of that, we have to decide whether we 
will support ‘all pixels addressable’ for 
a true graphical display, or limit our- 
selves to character output. 

That last point is driven by a concern 
for how much RAM we can allocate to 
the display buffer; for a display reso- 
lution of 1024 x 768 pixels we would 
need at least 98KB of RAM, well be 
yond our 16KB limit. 

The refresh rate of the display is how 
frequently the display is redrawn. 
Draw too slow, and our eyes can per- 
ceive the display changing, which is at 
best unpleasant. The faster the refresh 
rate, the faster we need to write pixels 
to the display. Too high a refresh rate 
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will result in the processor being un- 
able to keep up. 

Another consideration is that LCD 
displays have a ‘preferred’ display 
resolution, as they have a fixed num- 
ber of pixels. Running at a resolution 
that does not match this will result in 
uneven shapes being displayed. Some 
of the older cheap displays have a na- 
tive resolution of 1024 x 768 pixels; 
some have 1440 x 900 pixels. Normal- 
ly, these LCDs will display 800 x 600 
pixels acceptably, as this is one of the 
default resolutions for the Windows 
operating system. 

For now at least, we will look to sup- 
port this resolution at 60Hz refresh 
rate, as it is one of the easiest (relative- 
ly speaking!) formats to support. More 
importantly, the rate at which pixels 
are written to the display, or ‘pixel 
clock’, is 4(OMHz - an easy rate to gen- 
erate from our chipKIT Uno32 board, 
as we will see. 

Even at this relatively low resolu- 
tion, we do not have enough RAM on 
the chip to support a full graphics dis- 
play; it would require 38KB of RAM for 
a monochrome image. Instead, we will 
implement a character-based display. 
Using a standard font of 5 x 7 pixels per 
character, at a resolution of 800 x 600 
pixels, we will be able to display 133 x 
75 characters. 

Wewill store the characters to display 
inaRAM buffer, which will require only 
9KB of memory. With this approach, our 
video driver will read the character data 
from the screen text buffer, look up the 
5 x7 pixel data from a font table, and 
then write the font data to the physical 
interface. 


VGA physical interface 

The VGA standard is an analogue one, 
just like composite video. There are 
two control signal pins, VSYNC and 
HSY NC, which pulse when the end of 
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a display line and end of the screen oc- 
cur. Synchronised to these are the red, 
green and blue colour signals for the 
pixel colour. 

The colour signals range in value 
from 0.0V for ‘no colour’ to 0.7V for 
‘full colour intensity’. So, for example, 
when the three colour pins are at OV, 
the pixel will be black, and if all three 
pins are at 0.7V, the pixel will be white. 
An example of the video signals on all 
pins can be seen in Fig.2. 

Clearly, we will need some kind of 
digital-to-analogue converter to trans- 
late OV/3.3V signal levels on our I/O 
pins to the OV/0.7V levels required by 
VGA. 

The final question we have now is 
the colour depth: How many colours 
will we support? 

This will depend on how many pins 
we can drive simultaneously in time 
with the pixel ‘clock’ rate. As each 
pixel signal lasts for only 39.7ns, we do 
not have thetimeto do thisin software; 
it would have to be handled automati- 
cally by whatever hardware peripheral 
is driving the colour pins. 

So what methods do we have for out- 
putting these five signals (vertical sync, 
horizontal sync and the three colours) 
quickly enough? Software controlled 
‘bit-bashing’ is out of the question, as 
the instruction time of the processor is 
too slow. We will have to make use of 
one or moreof the processor’s hardware 
peripherals. Reading the datasheet sug- 
gests the following peripherals support 
the control of I/O pins - The SPI inter- 
face, Output Compare and the Parallel 
Port interface. 

We will start, as always, by creeping 
up on the problem. It should be pos- 
sible to generate just the horizontal 
and vertical sync signals, leaving the 
three colour signals at a low level, and 
a monitor should happily lock to this. 
As most recent monitors have a built- 
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Fig.2. VGA signals, 800 x 640 resolution, at 6OHz 
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in diagnostics option that can 
display information about the 
input signal, we should be 
able to get an indication that 
our output is conforming to 
the correct timing. The screen 
will be blank, but that’s fine 
for a starting point. 

Before that, we need to 
create the correct physical 
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signal is significantly slower 
and has a wider pulse, as it 
only occurs once for every 
screen full of data, rather than 
once per line as for the hori- 
zontal sync signal. 

We take advantage of this 
slower timing by generating the 
signal in an interrupt routine 
attached to the horizontal sync 


interface between our mi- 
crocontroller and the VGA 
connector. Fortunately for — 6 
us, interfacing digital logic View Nompits 


timer, as the interrupt routine 
provides a ‘hook’ in which we 
can add display update code - 
all of which will become clear 


J6 Pin 3 
J6 Pin 6 


Uno32 Pin 


circuits to VGA displays has 
been done many times be 
fore, in particular by FPGA 
engineers (who, we would like to 
point out, havea simpler task than us 
in approaching this problem. FPGAs 
are ideally suited to generating fast 
video signals.) 

A quick search on the Internet re- 
vealed a simple potential divider DAC 
VGA interface circuit that could be 
adapted to our needs. Our initial test 
connection can be seen in Fig.3. 

In the VGA standard, the horizon- 
tal and vertical sync signals are TTL 
level inputs to the monitor, and so 
the 3.3V CMOS outputs from the 
chipKit can drive these directly. The 
colour signals are more complicated, 
because they are analogue levels rang- 
ing from OV to 0.7V, but we are ignor- 
ing these for now as we test the syn- 
chronisation signals. 

There are two techniques for con- 
necting to a monitor; cut the end off a 
VGA cable and solder header pins to 
the wires, or wire up to aVGA connec- 
tor. A connector can be easily ‘ratted’ 
from an old video card, but as we didn’t 
have oneto hand we purchased a cheap 
VGA cable from the local supermarket 
and cut one end off. This proved to be 
the more convenient option of the two, 
as the lead could then be reused on 
other breadboard circuits, and is less 
cumbersome. 


Fig.3. Initial video interface 


Generating sync signals 

With the VGA cable suitably modified 
for use, the next question was the tricky 
one: how to generate the signals in the 
first place. Initially, the parallel port 
interface seemed a good choice, but on 
further investigation there was insuf- 
ficient control available for generating 
the very specific pulse times we need. 

The Output Compare peripheral, 
however, hit the spot. It works in con- 
junction with a timer module config- 
ured in counter mode, which is used 
to specify the count values at which an 
output pin will go high and low. Once 
configured, this operates without fur- 
ther interaction from the CPU. 

Following the instructions in the 
datasheet, and with the aid of an os- 
cilloscope as confirmation, we very 
quickly arrived at the code shown in 
Fig.4. 

At this stage, while we are still devel- 
oping the software, we keep the code 
organised as a simple project, as we 
did last month. It’s only once we have 
the completed video interface work- 
ing ( which will be next month ) that 
we think about moving the code off to 
a library. 

Now we move onto the vertical sync 
signal. As can been seen in Fig.2, this 


// Configure Output Compare peripheral OCi 
// Connects to pin 3 on chipKit Uno32 header J5 


OC1iCON = 0x0d; 
OCiR = oO; 
OCiRS = 256; 


// Timer 3 setup, 
PR3 = 2111; 
T3CON = 0; 

TMR3 o> 


support OCi 
Timer will restart after 2111 counts 
Disable timer while configuring it 


Setup is 16 bit, using Timer3, +ve edge 
Positive edge at count 0 
Falling edge 256 counts later 


// Enable an interrupt to occur on each line. We will 
// use this later to help generate the vertical sync 

IFSOCLR = 0x1000; // Clear timer interrupt status flag 
IECOSET = 0x1000; // Set interrupt enable on Tmr3 


// Specify the interrupt priority 


IPC3CLR 
IPC3SET 


OxiF; 
(_T3_IPL_IPC << 2) 


| _T3_SPL_IPC; 


// Start the timer and output compare peripheral 


T3CONSET = 0x8000; 
OCICONSET = 0x8000; 


Fig.4. Horizontal sync code listing 
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next month. Within the inter- 
rupt routine, we simply count 
the number of horizontal lines 
that have been generated, and toggle 
the vertical sync pin for the appropriate 
number of horizontal line counts. 

The Timer 3 interrupts are firing 
quite frequently - once every 26us- but 
there is very little code executed in the 
interrupt routine, so the CPU utilisa 
tion will not be too high. Our only con- 
cern (that will not be resolved until we 
start displaying real image data,) is that 
the slight timing variations, caused by 
delays in calling the interrupt routine, 
might result in jitter on the display. As 
the processor is running at 80MHz we 
believe that this jitter will be inpercep- 
tible, but we will have to wait to next 
month to find out. 

Hooking the chipKit up to an LCD 
monitor resulted in a black display - a 
good start - and then, on opening the 
monitor’s built in diagnostics display, 
it confirmed that it was locked to a 
resolution of 800 x 600 pixels at 60Hz. 
Success! 

Next month, we discover how we 
can generate the pixel data, expand the 
software to provide a simple to use in- 
terface, and finally store the files as a 
library for future use. The partly con- 
structed source code that accompanies 
this month's article can be found on the 
EPE website; see Library, Project Code 
Library. 
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PE ChatZonecontributor atferrari 
posted a series of question related 
to output buffer amplifiers. 


| am about to build an output stage 
for a sine generator. | ran across 
several circuits of AB class amplifiers, 
but in spite of lot of reading! still have 
many basic doubts. My questions are: 


1) A buffer output is expected to 
have a gain by itself? In other words, 
what defines the gain in a push-pull 
configuration? 


2) Several function generators 
seem to set their output impedance 
just by using a series resistor of 
50Q/75/600@ at the output. Is that 
all is needed? 


3) Instead of building an AB stage, 
the LH0033 (or similar buffer), would 
be a better (if expensive) solution? 


4) When reading about AB amps, it 
seems that those specifically for audio 
and thoseused asan output stageof signal 
generators share different necessities. 
Besides the obvious low impedance 
loads in audio, is there anything else that 
makes them so different? 

5) Walter Jung in his IC Op-amp 
Cookbook describes a circuit that has 
an output impedance of 10 [this has 
a class AB amplifier, and an op amp 
in a feedback loop]. What determines 
that value? How could I change it, if 
possible? 

6) | read somewhere in a forum that 
diodes [used for biasing] are old use; 
that a V,. multiplier should be used 
instead. Can anyone elaborate? 


Gracias for any help to understand 
this a little more. 


Need for buffers 

This question raises a variety of topics 
- the need for buffers and what their 
characteristics should be, class AB 
amplifiers and their biasing, and 
output impedance in general. We 
will start by outlining why buffers are 
needed and what their gain should 
be, and then look in detail at issues 
relating to output impedance. 

Output buffers are used in a wide 
variety of applications as the final 
stage in the signal path before the 
load or equipment output connection. 
Circuits with similar topologies also 
occur in systems such as audio power 
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Regular Clinic 


On the buffers 


amplifiers, where the term ‘buffer’ 
may not used, but the basic principles 
are the same. 

Circuits such as voltage amplifiers 
(standard op amps, audio preamps) 
and signal generators (oscillators, test 
instruments) often do not have much 
current output capability. They produce 
a voltage signal with (hopefully) 
exactly the required waveform shape 
and magnitude, but cannot drive low 
impedance loads. The output buffer or 
power amplifier produces a copy (same 
voltage) of the output of the signal 
processing or generating circuit with 
a much higher current drive capability 
behind it. 


Output buffer gain 

Output buffers, therefore, usually 
have a voltage gain of 1, or —1, but 
a significant power gain. Other low 
voltage gains, for example x2 may be 
appropriate in some circumstances, 
but still it is the power gain or drive 
capability which is crucial. 

Thus, in answer to the first question, 
the output buffer is not expected 
to have anything other than unity 
voltage gain in most cases. The fact 
that a buffer outputs the same voltage 
as its input leads to the term ‘voltage 
follower’ being used in the context of 
these circuits. 

The exact value of this gain is 
important in some applications, for 
example in signal generators and 
other test equipment where the 
required output voltage is specified. 
If the initial stages of the circuit have 
produced exactly the output voltage 
required, but the buffer has a gain 
of 0.9 instead of 1, there may be a 
problem. This issue is usually referred 
to as ‘gain accuracy’ when comparing 
the performance of buffers. 

In other applications, the gain 
accuracy may not be important, for 
example an audio circuit driving 
a speaker or headphones can be 
adjusted by the user to the required 
perceived volume without the need 
for good gain accuracy in the buffer 
(power amplifier). 


Output impedance 

The second question refers to output 
impedance, and this is indeed an 
important issue in the design and 


SOURCE 


Fig.1. Concept of output impedance 
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LOW OUTPUT 
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Fig.2. Output buffer providing impedance 
transformation 


use of output buffers. The idea of 
representing the output of a complex 
circuit, such as amplifier or filter, by 
a single voltage source and resistor (or 
impedance) is based on Thévenin’s 
theorem, which is named after Léon 
Charles Thévenin (1857-1926), who 
was a French telegraph engineer. 

Thévenin’s theorem states that a 
linear electronic circuit that comprises 
any combination of voltage sources, 
current sources and resistors, with 
two output terminals, is electrically 
equivalent to a single voltage source, V,, 
and a single series resistor, R, (see Fig.1). 
The theorem also applies to circuits in 
which the sources are AC (sinewave), 
all at the same frequency and the other 
components areimpedances (resistance, 
capacitance inductance). 

Fig.1 shows a source connected to 
a load resistance. The two resistances 
(source and load) are in series and 
form a potential divider. The current 
through the resistors (output current 
or load current) is therefore |,=V/ 
(R,4R,). Thus, the voltage across the 
load is given by this current times the 
load resistance: 


i R, 
ae (2 ee 
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From this equation, wesee that if we 
want V, to be as large as possible, or as 
close as possible to V., then R, must be 
much larger than R,. If R, is very much 
larger than R., then the load voltage is 
effectively equal to the source voltage. 

This implies that the output 
buffer should have very low output 
impedance (resistance) and indeed we 
can think of the buffer as providing 
‘impedance transformation’. That 
is, it takes the signal from the high 
output impedance source of the 
signal processing/generating stage 
and provides a much lower output 
impedance version. This is illustrated 
in Fig.2. 

In general, both the load and source 
characteristics may not be simply 
resistance, but may al sohavecapacitive 
and/or inductive components. Thus, 
we often refer to output and load 
impedance; however, for illustrating 
the most basic principles it is simpler 
to just use resistors. We must, of 
course, remember that things are not 
always so simple and, for example, 
capacitive loads may cause some 
buffer circuits difficulty. 


Matching up 

In some situations we might want to 
match the source and load resistances 
(impedances) R, =R,. Thisispotentially 
useful because maximum power is 
transferred from source to load when 
source and load are matched. For 
example, consider an output buffer 
producing a 3V RMS signal with R, 
=1Q; the power into loads of various 
impedances are listed in Table 1. The 
power is calculated using |?R, where 
Ris R, or R, as required and | is given 
by |, =V./(R,+R,), as above. 

The maximum power in_ this 
example is obtained for a load of 1Q 
- matching the source impedance. 
The maximum power delivered to 
the load is half of the power taken 
from the source at that point (50% 
efficiency). As the load impedance 
increases a greater proportion of the 
source’s power ends up in the load 
(the efficiency increases), but the 
actual power delivered decreases. 

In many cases efficiency is more 
important than maximum power 
transfer, as is the ability to drive 
load impedances, which varies with 
frequency. So, alow output impedance 
is used. However, this is not the whole 
story, and there are other reasons 
why we might want specific output 
impedances for a signal generator, as 
implied in the second question. 


Transmission lines 

When wiring up = small circuits 
operating at relatively low frequencies 
and currents, we often think of wires 
as being perfect conductors that do not 
have muchinfluence on the circuit. One 
step on from this, we may remember 
that areal wire has some resistance, so 
it might drop some voltage if we pass 
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a high current through it, or we might 
realise the wire has some capacitance 
or inductance, which may influence 
circuit performance in some way. 

If this is the case, we can regard the 
wire as asingle resistor or capacitor and 
take this into account. For example, 
Fig.3 shows Fig.1 redrawn for asituation 
in which the wire connecting the source 
and load has significant resistance. 

The view of a non-ideal wire being 
equivalent to, say, a single resistor, 
capacitor, or combination of these 
works fine at relatively low frequencies 
and for relatively short wires. However, 
for very long wires, or very high 
frequencies for shorter wires, the signal 
takes a significant time to travel down 
the wire compared to one cycle of the 
signal’s waveform. When this happens, 
we can no longer lump the impedance 
of the wire into a single component as 
in Fig.2, because different parts of the 
signal ‘see’ different parts of the wire at 
different times. 

For high frequencies, or long wires, a 
signal behaves like a wave travelling in 
a pipe, and the wire is referred to as a 
‘transmission line’ (see Fig.4). How long 
a wire has to be before transmission line 
effects become significant decreases 
with increasing frequency. 


SOURCE 


Fig.3. The wire connecting source and 
load may need to be taken into account 
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Table 1: Effect of relative R, and R, on power transfer and efficiency 


Instead of single! umped impedance, 
transmission lines are described by 
their characteristic impedance, which 
is the ratio of voltage to current at any 
point on the wave travelling down 
the line. Coax cables are often used 
in applications where they behave 
as transmission lines. They typically 
have characteristic impedances in the 
range 502 to 1002. 


Impedance matching 

Impedance matching is important when 
transmission lines are involved because 
unmatched connections cause part of 
the wave on the line to be reflected. 
It then travels back down the wire 
in the opposite direction and causes 
interference, which distorts the signal. 

The reflection, of course, also 
reduces the amount of power delivered 
to the load. In order to prevent signal 
loss and distortion, the characteristic 
impedance of a transmission line 
must be equal to the load and source 
impedances. Transmission lines must 
be terminated correctly, even if the 
final end of the wire is not connected 
to acircuit input. 

To fully analyse the behaviour of 
transmission lines in detail requires 
some advanced mathematics; however, 
you can get a feel for what is happening 
by imagining a wave travelling down a 
channel filled with water. If we connect 
this channel to another of exactly the 
same width and depth the wave will 
carry on as if nothing has happened 
(the channels are matched). 

However, if we connect one water 
channel to another which is much wider 
or narrower the wave will get reflected 
off the edges or corners of the channels 
at the join, causing interference and loss 
of power in the wave that continues in 
the original direction. 


Fig.4. The wire connect- 
ing source and load may 
behave as a transmission 
line, in which case it should 
be matched to the source 
and the load. For matching 
Z,=2,=%X, 


Load/Q RMS Power in Load/W Efficiency/% 
(1Qsource at 3V RMS) (% of total power in load) 

0:25 1.4 20 
0.5 2.0 oie 
1 (matched) 2.3 50 
1.5 2.2 60 
2 2.0 67 
5, 1.7 ip 
30 0.3 97 
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Fig.5. (a) Setting the output impedance for matched-line driving 
using a back termination resistor, (b) Thévenin’s equivalent circuit 


If we have a low impedance buffer, 
and add an external resistor, R,, 
as shown in Fig.5, then a simple 
application of Thévenin’s theorem 
shows that we have a source with an 
output impedance R.. This assumes 
that the buffer’s output impedance, R,, 
is much lower than R,. 

This approach is commonly used 
for matching to a load connected via 
a transmission line, such as in video 
applications (the video cable acts as a 
transmission line). In such cases, the 
resistor R, is referred to as a ‘back- 
termination resistor’. 

Theanswer to thesecond question is, 
yes, the output impedance of a signal 
generator can be set by switching in 
an appropriate resistor. This approach 
is useful in general purpose scenarios 
such as lab test equipment, but if 
fixed impedance is required it may 
be better designed directly into the 
buffer circuit rather than as an add-on 
resistor. 


Fig.7. Adding an output buffer to an amplifier (a) 
Buffer outside feedback loop (b) Buffer inside 
feedback loop 
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IMPEDANCE BUFFER 


SOURCE 


FROM 
WAVEFORM 
GENERATION 
CIRCUIT 


509/750 OUPUT 
IMPEDANCE SELECT 
SWITCH 


OUTPUT 
ON/OFF 
SWITCH 


OUTPUT 
SOCKET 


Fig.6. Possible signal generator output circuit with impedance 


selection 


Fig.6 shows a possible setup for a 
signal generator output with 500/75Q 
output impedance selection. The 
output can also be switched off, in 
which case the generator’s output 
socket will present 50Q or 75Q looking 
back into the equipment, terminating 
the cable correctly. The switching 
can be achieved by using small 
mechanical relays under control of 
a microcontroller or PC, or whatever 
is used to implement the signal 
generator’s user interface. 


Feedback 

When an output buffer or power 
amplifier stage is used with a high 
gain amplifier (such as an op amp), the 
buffer can be included in a feedback 
loop. Fig.7 illustrates two scenarios, 
one in which an amplifier with 
feedback is simply connected to a 


driving capacitive loads 


buffer’s input, and onein which 
the buffer is included in the 
feedback loop. The latter circuit 
is a general form of the design 
by Walter Jung mentioned in 
question 5, and is widely used. 

Including the buffer in the 
feedback loop provides the 
buffer with the advantages 
that negative feedback brings, 
including lower output 
impedance. The output 
resistance of the circuit in 
Fig.76 with feedback, R 


OF? 


is related to the output resistance 
without feedback (open loop), R,,, by: 


R 
Ror = ee 
1+ BA 


where A is the open-loop voltage gain 
of the amplifier and buffer combined. 
Assuming the buffer has a voltage 
gain of 1, this is simply the voltage 
gain of the amplifier. 6 is the feedback 
fraction, that is the proportion of 
the output signal that is fed back to 
the input (subtracted from the input 
signal). 8 is less than or equal to 1. 
High gain amplifiers with buffers 
inside the feedback may have difficulties 
when driving capacitive loads. This may 
cause peaks in the frequency response 
and even oscillation of the circuit. The 
problem is caused by the output of the 
buffer behaving like an inductor at high 


Fig.8. Amplifier and output buffer with isolation resistor for stability when 


frequencies. This combines with theload 
capacitance to form an LC circuit, with 
‘peaky’ or resonate behaviour. These 
effects can be compensated for by adding 
a resistor, R,., known as an isolation 
resistor, to the output, as shown in Fig.8. 

This month, we have started to 
answer atferrari’s series of questions 
about output buffer circuits. We've 
taken an abstract overview so far and 
concentrated on issues related to gain 
and output impedance. Next month, 
we will continue this topic and look at 
some circuits in more detail. 
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Earlier this year, | spent a week in Norway. First | gave 
the keynote presentation at the FPGA Forum, which 
was held in Trondheim. Then | caught a train down 
to Oslo to give a guest lecture at the Department of In- 
formatics at the University of Oslo (www.ifi.uio.no). | 
arrived at the lecture hall (a monster auditorium with 
tiered rows of seats that looked like a film set) 20 min- 
utes before my lecture was scheduled to start. You can 
imagine my surprise to find the place jam-packed with 
people ... then the bell rang and they all got up and left 
(sad face). Happily, my audience then started to roll in, 
and | ended up with a full house of my own. 

Following my presenta- 
tion, | was given a grand 
tour of the department. | 
saw some amazing things 
that boggled my mind, and 
I’m sure I will be waffling 
on about many of these 
things in future columns. 
For the moment, however, 
| shall restrain myself to 
talking about the work of 
postdoc Kyrre Glette, who 
is researching adaptive 
robotics techniques. One 
experiment that particu- 
larly caught my eye was a 
spider-like robot that was 
learning to walk. The rea- 
son this was of interest to 
me was that Kyrre was using genetic algorithms as part 
of his evolutionary learning techniques. 
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It’s all in the genes... 

Let’s assume that we have a really complex problem 
involving lots of input signals, internal states, and out- 
put signals, and that all of these signals and states have 
complex interactions with each other. For example, 
increasing the value of input A may cause the value 
on output X to increase or decrease depending on the 
states of other inputs and/or outputs. The end result 
is that the optimal solution that gives the best overall 
results may be almost impossible to determine using 
conventional problem-solving techniques. 

And so we come to ‘genetic algorithms’. The under- 
lying concept is to mimic evolutionary processes in 
the natural world; specifically, those of natural selec- 
tion based on the ‘fitness’ of individuals in a popula- 
tion that evolves by exchanging genetic material and 
also by random mutations. The principles underlying 
genetic algorithms are actually quite simple, and were 
first described by J H Holland in the early 1970s. 

First of all, we manipulate the problem under con- 
sideration in such a way that its variables can be rep- 
resented as a string of 0s and 1s. Then we ‘seed’ our 
environment with an initial ‘population’ of randomly 
generated strings; that is, strings containing random 
sequences of Os and 1s, as illustrated in Fig.1(a). 


ax s. Cool 


eans. 


By Max The Magnificent 


Next generation 

Next, we evaluate each string in our population by test- 
ing any measurable quantities in our system to see how 
close we came to some desired result. We use the results 
of this evaluation to assign a ‘fitness’ to each string, then 
we rank the strings in order of this fitness, as illustrat- 
ed in Fig.1(b). Low-ranking strings may be discarded, 
while high-ranking strings represent the individuals 
that will be permitted to ‘breed’; that is, the strings that 
ranked the highest will be permitted to generate the off- 
spring that will form part of the next generation. 

Now, here's the clever part, because the strings that 
will act as the parents for 
the next generation un- 
dergo a process known 
as ‘crossover,’ in which 
we emulate the natural 
process of exchanging ge 
netic material in order to 
create ‘offspring’ strings, 
as illustrated in Fig.1(c). 
Observe that the original 
parent strings remain part 
of this new population, 
because we don’t want to 
discard the best solutions 
we've obtained thus far. 
The ranking and breeding 
process may be repeated 


(c) After 
breeding 


Fig.l. High-level representation of the genetic alogrithm Process for thousands of cycles. 


Of course, we've only 
shown a small initial population and the mating of 
two pairs of strings; in reality, we would have a much 
larger population pool and there would be many such 
unions. Furthermore, some algorithms allow strings to 
‘mate’ in proportion to their fitness, in which case a 
high-ranking string will be allowed to mate with more 
strings than alower-ranking companion. Thus, we see 
that a key feature to genetic algorithms is ‘survival of 
the fittest,’ whereby the fitter strings generate more off- 
spring and therefore have a higher chance of passing 
their ‘genetic information’ on to future generations. 

Another important component of genetic algorithms 
is that of mutation. Following crossover, every bit in 
each of the new strings has some finite chance of un- 
dergoing mutation (that is, our algorithm might decide 
to flip its state from a 0 to a 1, or vice versa). The prob- 
ability of mutation is maintained at a very low level 
(say a chance of 1 in 10,000) ... but it’s enough to make 
life interesting (pun intended). 

Although the whole concept of genetic algorithms 
might seem a bit nebulous, their use of pseudo-natural 
selection and mutation manages to direct the search 
towards regions of high potential in the solution space. 
These mechanisms also allow genetic algorithms to 
explore a greater range of potential solutions than do 
more conventional search techniques, and to converge 
on optimal results in complex solution spaces faster 
and more efficiently than other approaches. 
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PIC Training Course 


New Hardware! P931 Course £148 


The control PIC of our programmer now has two modes of operation, its normal 
programming mode, and a USB to USART mode. Programme your PIC in the 
usual way then flip the red switches and your PIC can use the control PIC as a 
serial link to your PC. All designed to make the learning process as straightforward 
as possible. We have also reduced the component count and lowered the price. 


The course follows the same well proven structure. We begin learning about 
microcontrollers using the incredible value 18 pin PIC16F1827. At the heart of 
our system are two real books which lie open on your desk while you use your 
computer to type in the programme and control the hardware. Start with four 
simple programmes. Run the simulator to see how they work. Test them with real 
hardware. Follow on with a little theory..... 


Our PIC training course consists of our PIC programmer, a 318 page book 
teaching the fundamentals of PIC programming, a 304 page book introducing the 
C language, and a suite of programmes to run on a PC. Two ZIF sockets allow 
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed 
at 5 volts then verified at 5 volts and 2 volts or 3 volts. 

P931 PIC Training & Development Course comprising 
USB powered 16F and 18F PIC programmer module 
+ Book Experimenting with PIC Microcontrollers 
+ Book Experimenting with PIC C 6th Edition 
+ PIC assembler and C compiler software on CD 
+ PIC16F 1827, PIC16F1936 & PIC18F2321 test PICs 
HUSB Cable ie. cvessseneivtewwsvesaresreneees tdenes . £148.00 
(Postage & insurance UK £10, Europe £20, Rest of world £30) 


Experimenting with PIC Microcontrollers 


This book introduces PIC programming by jumping straight in with four 
easy experiments. The first is explained over seven pages assuming 
no starting knowledge of PICs. Then having gained some experience 
we study the basic principles of PIC programming, learn about the 8 
bit timer, how to drive the liquid crystal display, create a real time clock, 
experiment with the watchdog timer, sleep mode, beeps and music, 
including a rendition of Beethoven’s Fur Elise. Then there are two projects 
to work through, using a PIC as a sinewave generator, and monitoring 
the power taken by domestic appliances. Then we adapt the experiments 
to use the PIC18F2321. In the space of 24 experiments, two projects 
and 56 exercises we work through from absolute beginner to experienced 
engineer level using the very latest PICs. 


Serial Coms Extension £31 


This third stage of our PIC training course starts with 
simple experiments using 18F PICs. We use the PIC to 
flash LEDs and to write text to the LCD. Then we begin 
our study of PC programming by using Visual C# to create 
simple self contained PC programmes. When we have a 
basic understanding of PC programming we experiment 
with simple PC to PIC serial communication. We use the 
PC to control how the PIC lights the LEDs then send text 
messages both ways. We use Visual C# to experiment with 
using the PC to display sinewaves from simple mathematics. 
Then we expand our PC and PIC programmes gradually 
until a full digital storage oscilloscope is created. For all these 
experiments we use the programmer as our test bed. When 
we need the serial link to the PC we flip the red switches to 
put the control PIC into its USB to USART mode. 


The second half of Experimenting with Serial 
Communications 4th Edition starts with an introduction 
to our Easy USB. Then we repeat some of the serial 
experiments but this time we use a PIC18F2450 with its 
own USB port which we connect directly to a USB port of 
your PC. We follow this with essential background study 
then work through a complete project to use a PIC to 
measure temperatures, send the raw data to the PC, and 
use the PC to calculate and display the temperature. 


Easy USB is a perfect solution for simple and medium 
complexity project. For complex projects or where the 
timing is critical it is best to split the action between two 
or more PICs. In the last chapter of the book we complete 
the study by learning how to use the library routines to 
programme a PIC18F2450 as a USB to USART converter. 


290 page book + PIC18F2450 test PIC + USB lead.. £31 


Ordering Information 


Our P931 programmer connects directly to any USB port 
on your PC and takes its power from the USB. All software 
referred to will operate correctly within Windows XP, NT, 
2000, Vista, 7 etc.Telephone for a chat to help make your 
choice then go to our website to place your order (Google 
Checkout or PayPal), or send cheque/PO, or request bank 
details for direct transfer. All prices include VAT if applicable. 


White LED and Motors 


Our PIC training system uses a very practical approach. 


Experimenting with PIC C 


The second book starts with an easy to understand explanation of how 
to write simple PIC programmes in C. Then we begin with four easy 
experiments to learn about loops. We use the 8/16 bit timers, write text and 
variables to the LCD, use the keypad, produce a siren sound, a freezer 
thaw warning device, measure temperatures, drive white LEDs, control 
motors, switch mains voltages, and experiment with serial communication. 


Web site:- www.brunningsoftware.co.uk 


Mail order address: 


Brunning Software 


Towards the end of the PIC C book circuits need to be built on 
the plugboard. The 5 volt supply which is already wired to the 
plugboard has a current limit setting which ensures that even the 
most severe wiring errors will not be a fire hazard and are very 
unlikely to damage PICs or other ICs. 

We use a PIC16F 1827 as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to control 
the speed of a DC motor with maximum torque still available. A kit 
of parts can be purchased (£31) to build the circuits using the white 
LEDs and the two motors. See our web site for details. 


138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308 


EPE |S PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 
FLOWCODE S&S 


Complex electronic 
systems in minutes 


New features include: 
+ Ccode views and customisation 
* Simulation improvements 

+ Search and replace 

* New variable types 

+ Project auto-documentation 

+ Project explorer 

* Bookmarks 

¢ Improved chip interrupt features 
* Compilation errors and warning 
+ Interrupts overhaul 


eeeereerresreeseus 


A FLOWCODE gf 
2 


gprvewsone 4 


ter AR 


fBrLowcons 4 


tor ABM 


The FlowKit can be connected to hard- 
ware systems to provide a real time 
debug facility where it is possible to 
step through the Flowcode program on 
the PC and step through the program 
in the hardware at the same time. The 
FlowKit can be connected to your own 
hardware to provide In-Circuit Debug 
to your finished designs. 


PRICES Prices for each of the CD-ROMs above are: ewcone Pemeode 5 
(Order form on third P age) & PIC24 Download only 
(UK and EU customers HobbyistStudent).c:5.0:5:5 ccces ccs eecs sie ste eiece sere we £45.95 inc. VAT £58.80 inc. VAT 
add VAT to ‘plus VAT’ Professional (Schools/HE/FE/Industry)............ £149.00 plus VAT £199.00 plus VAT 
prices) Professional and Flowkit bundle ................. N/A £216.00 plus VAT 


Please note: Due to popular demand, Flowcode PICmicro V5 is now available as a download. Please include your email address and 
a username (of your choice) on your order. A unique download code will then be emailed to you. If you require the CDROM as a back-up 
(available June 2012) then please add an extra £14 to the above price. 
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PICmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PICmicro MCU 
development board 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 


Development Board. 


e Makes it easier to develop PlCmicro projects 

e Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 


HARDWARE 


e Supports PlCmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PICmicro 
V4 


(Formerly P!ICtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PiCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Viab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator e 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PiCmicro showing architecture and functions e 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 


SOFTWARE 


‘C’ FOR 16 Series PICmicro 
Version 4 


The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PiCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 


Includes MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 


Winimum system requ nts forthese” | 


items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 
hard disk space. 
Flowcode will run on XP or later 
operating systems 


£161 including VAT and postage, supplied 
with USB cable and programming software 


FLOWCODE FOR PICmicro 
V5 (see opposite page) 
Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 

program chips in minutes. 


@ Requires no programming experience 

@ Allows complex PlCmicro applications to be 
designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 
speeds up the development process. 

@ Facilitates learning via a full suite of 
demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 
40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

@ 120. 


Features include panel creator, in circuit debug, 
virtual networks, C code customisation, floating 
point and new components. The Hobbyist/Student 
version is limited to 4K of code (8K on 18F devices) 


HobbyisUStudent. sce ans -te ei eter £45.95 inc VAT 
Professional (Schools/HE/FE/Industry)............ £99 plus VAT 
Professional 10 user (Network Licence) ........... £350 plus VAT 
Site Licencew tec eee ete eee £699 plus VAT 
Flowcode Professional (Schools/HE/FE/Industry) ...£149 plus VAT 
Flowcode 10 user (Network Licence).............. £399 plus VAT 
Flowcode Site Licence .............:0eeeeeeeeee £799 plus VAT 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/ 


CAM manufacture in one complete package. 
Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — even including on-screen testing of the PCB prior 


to construction! 


* Circuit diagram design with component library (600 components 
Standard, 1500 components Professional) 


* Virtual instruments (4 Standard, 7 Professional) 
* On-screen animation 

* Interactive circuit diagram simulation 
* True analogue/digital simulation 

%* Simulation of component destruction 
* PCB Layout 

* Interactive PCB layout simulation 

* Automatic PCB routing 

* Gerber export 

* Multi-level zoom (25% to 1000%) 

# Multiple undo and redo 

* Copy and paste to other software 

# Multiple document support 


This software can be used with the Jump Start and Teach-In 2011 series 


(and the Teach-In 4 book). 


Standard £61.25 inc. VAT 
Professional £91.90 inc. VAT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 


space. Windows 2000/ME/XP, mouse, sound card, web browser. 


Please send me: CD-ROM ORDER FORM 


O Assembly for PICmicro V4 

O ‘C’ for 16 Series PlCmicro V4 

O Flowcode for PICmicro V5 (DOWNLOAD + CDROM) 
0 Flowcode for PICmicro V5 (DOWNLOAD ONLY) 


Version required: 

O Hobbyist/Student 

O Professional 

O Professional 10 user 
O Professional + Flowkit 
O Site licence 
Username? ..:i 02d cevewcdeieneae eek 

UO Flowcode for AVR V4 

UO Flowcode for ARM V4 

CO Flowcode for dsPIC & PIC24 V4 


Note: The software on each version is the same, only the licence for use varies. 
O PiCmicro Development Board V3 (hardware) 


O Circuit Wizard — Standard 

O Circuit Wizard — Professional 

Oo EPE PIC Resources V2 

O Electronic Components Photos 


BS ESr 


EPE PIC 


RESOURCES V2 


Version 2 includes 

the EPE PIC 

Tutorial V2 series of 

Supplements 

(EPE April, May, 

June 2003) 

The CD-ROM con- 

tains the following 

Tutorial-related 

software and texts: 

@ EPE PIC Tutorial V2 complete series of 
articles plus demonstration software, 
John Becker, April, May, June 03 

@ PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
Oct ’01 

@ PIC Toolkit TK3 for Windows 
(software details), John Becker, 
Nov ’01 

Plus 18 useful texts to help YOU get 

the most out of your PIC programming. 

Price £14.75 inc. VAT 


ELECTRONIC 


COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images 
of electronic 
components. 
This selection of 
high resolution 
photos can be 
used to enhance 
projects and presentations or to help with 
training and educational material. They 
are royalty free for use in commercial or 
personal printed projects, and can also 
be used royalty free in books, catalogues, 
magazine articles as well as worldwide 
web pages (subject to restrictions — see 
licence for full details). 

Now contains Irfan View image software 
for Windows, with quick-start notes 
included. 


Price £19.95 inc. VAT 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for airmail 
postage per order 


Professional, Multiple User and Site License 

_ Versions — overseas readers add £5 to the basic 

price of each order for airmail postage (do not 

add VAT unless you live in an EU (European 

Union) country, then add VAT at 20% or provide 
your official VAT registration number). 


Feta eA is a5 aes race rcetsrtts cavg ean once wr alah adores ce dem Caonaar’ mei ale ronpaean naan? eianeebae ayes Send your order to: 
PODIOSSs os sie scan teen aaah Hansa neschevcleen are eae eanena oe aap eee oe a _ Direct Book Service 
Wimborne Publishing Ltd 
Sgro i a ad 118 Lynwood rive, Mere, Wimborne, 
Dorset BH21 1UU 
To order by phone ring 
Ol enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£......... 1 01202 880299. Fax: 01202 843233 
O Please charge my Visa/Mastercard/Maestro:£.......... : Goods are normally sent within seven days 
Valid From:.......... Card expiry date:............. 1 E-mail: orders @wimborne.co.uk 
Cad NO?fesaiasecrandenneaunin aagunasatesrnedat Maestro Issue No. .........- ' Online shop: 
Card Security Code.......... (The last 3 digits on or just under the signature strip) : www.epemag.com 
ee ee ee ee ee ee ee ee ee ee ee ee 
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INTERFACE 


By Robert Penfold 


LM335Z Temperature Sensor 


‘| previous Interface article 
featured a simple temperature 
sensor and a matching ana 
logue-to-digital converter. The latter 
was actually a slightly modified ver- 
sion of the analogue interface fea- 
tured previously, and together with 
the temperature sensor it provided a 
range of 0 to 127.5°C with a resolu- 
tion of 0.5 degrees, or 0 to 150°C with 
a resolution of one degree. The tem- 
perature sensor used was an LM35, 
but there are many other temperature 
sensors that can be used with the 
same analogue interface circuit, or a 
slightly modified version of it. 


Low temperatures 

With its output potential of 10 mil- 
livolts per degree Celsius (LOmV/°C), 
the LM35 is easy to use, but only 
when positive temperatures are to 
be measured. It can actually handle 
negative temperatures, and it only re- 
quires a negative supply plus a pull- 
down resistor at the output in order 
to achieve this. The obvious problem 
with this is that negative tempera- 
tures produce negative output volt- 
ages that cannot be handled by the 
simple analogue-to-digital converter 
interface in use here. 

This problem is not insurmount- 
able, and it simply requires the use 
of some signal conditioning circuitry 
to provide a suitable output voltage 
range to drive the input of the con- 
verter circuit. However, there are 
other and probably simpler ways of 
doing things that avoid the need for a 
negative supply rail. 

The LM335Z temperature sensor 
is similar to the LM35 in that it pro- 
vides an output potential equal to 
10mV (0.01 volts) per degree, but its 
output voltage is per degree Kelvin 
rather than per degree Celsius. In oth- 
er words, its output potential is 10mV 
per degree above absolute zero. 

The output voltage is rather like that 
of the LM35, but with a built-in offset 
of just over 2.73V. To be precise, the 
actual offset is 2.7315V, butin practice 
it will vary very slightly from onesam- 
ple to another. The calibration process 
compensates for any error in the offset 
voltage, and in the sensitivity of the 
particular component used. Here, we 
will keep things simple and assume an 
offset 2.73V. 

The operating temperature range of 
the LM335Z is from -40 to +100°C, 


Everyday Practical Electronics, June 2012 


giving a nominal output voltage range 
of 2.33V to 3.73V. Unlike the LM35, 
it does require at least one discrete 
component, and in some applications 
two external components are required. 
Fig.l shows leadout details for this 
chip, and the circuit for a LM335Z 
temperature sensor is given in Fig.2. 
It is used rather like a Zener diode in 
a shunt regulator circuit, and R1 is the 
load resistor. 


Adjust 
V+ 
GND 


Fig.1. Leadout details for the LM335Z 
temperature sensor. This is a base view 


Fig.2. The circuit for a temperature 
sensor based on an LM335Z. Calibra- 
tion potentiometer VR 1 is optional, and 
if included it is adjusted for an output 
potential of precisely 10mV per degree 
Kelvin 


Performance of the LM335Z is quot- 
ed in the data sheet as being constant 
with supply currents from 45QuA to 
5mA. As with any semiconductor tem- 
perature sensor, alow supply current is 
preferably in order to avoid problems 
with self-heating. 

The specified value for resistor R1, 
in conjunction with a 5V supply, en- 
sures that the supply current is kept 


just above the 450uA minimum at the 
highest operating temperature, but is 
still less than one milliamp at the mini- 
mum operating temperature. 

Preset potentiometer VR1 is an op- 
tional calibration control. This can be 
adjusted to correct errors in the output 
voltage of the LM335Z itself, and, if 
necessary, it can compensate for mi- 
nor errors elsewhere in the system as a 
whole. Alternatively, it can be omitted, 
and the system as a whole can be cali- 
brated by varying the full-scale value of 
the converter circuit, as in the tempera 
ture interface featured previously. 


Scaling the heights 

Using a sensor that can handle nega- 
tive temperatures without providing 
negative voltages makes life easier, 
but matters are not problem-free 
when trying to get the scaling of the 
temperature sensor to match that of 
the analogue interface. The output of 
the sensor changes at 10mV/K, and 
the basic resolution of the converter 
is 19.607843mV (5V divided by 255). 

A small amount of attenuation at 
the input of the converter could be 
used to reduce its resolution to 20mvV, 
and the system would then accom- 
modate the full -40 to +100°C range 
of the sensor. However, in terms of 
degrees Celsius the resolution of the 
system would be just two degrees, 
which is far from ideal. It would not 
really be adequate for even the most 
basic of temperature measuring ap- 
plications. 

It is possible to set the resolution of 
the converter at 10mV using the mod- 
ified version featured in the previous 
Interface article. On the face of it, this 
would give a much more useful reso- 
lution of 1°C, and would still enable 
the full temperature range of the sen- 
sor to be accommodated. 

However, in practice it would not 
work at all well. The problem is that 
the input voltage range of the sensor 
would be OV to 2.55V, but the output 
voltage range of the sensor is 2.33V 
to 3.73V, as explained previously. 
Only temperatures from -40 to -18°C 
would fall within the input range of 
the converter. 

In order to obtain a useful tem- 
perature range from the system, it 
is necessary to remove all, or alarge 
part of the 2.33V offset. This can be 
achieved using suitable signal condi- 
tioning circuitry, but the additional 
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stages would have to be carefully de- 
signed in order to avoid inaccuracies 
being added into the system. The 
ADCO804LCN converter chip used 
in the analogue interface provides 
a much simpler solution, and that 
is probably a better way of handling 
things as well. 


Vive la différence 

The ADC0804 chip is mainly used 
as a simple analogueto-digital with 
having a single input, but it does ac- 
tually have differential inputs. The 
voltage converted by the deviceis the 
potential difference across its inputs, 
and in most applications the ‘-’ input 
is simply connected to the OV supply 
rail. 

The converted voltage is then the 
difference between the OV rail and 
the ‘+’ input, and normal (single in- 
put) operation is thus obtained. How- 
ever, supplying a positive voltage to 
the negative input effectively results 
in that voltage being deducted from 
the input potential at the positive in- 
put, with readings being reduced by a 
corresponding amount. 

In the present application, using 
an input potential of 1.18V at the 
negative input would give an in- 
put voltage range of 1.18V to 3.73V 
and would reduce the effective out- 
put voltage range of the sensor to 
1.15V to 2.55V. Either way of look- 
ing at it, this would bring the output 
of the sensor fully within the com- 
pass of the converter. The resolu- 
tion obtained would be 1°C, and the 
full temperature range of the sensor 
would be accommodated. 

As usual with this type of thing, 
some simple mathematics in the soft- 
ware is all that would be needed in 
order to give readings directly in de- 
grees Celsius. In fact, it would just be 
a matter of deducting 155 from read- 
ings in order to convert them to cor- 
responding temperatures. 

In practice, it would be better to use 
a slightly higher offset voltage of (say) 


UM245R 
pwe MODULE 


Listing 1 
Imports System 
Imports System.IO.Ports 


Public Class Form1 


Dim WithEvents port As SerialPort = New _ 
System.1O.Ports.SerialPort("COM8", 9600, Parity.None, 8, StopBits.One) 


Private Sub Form1_Load(ByVal sender As Object, ByVale As _ 
System.EventArgs) Handles Me.Load 
CheckForlllegalCrossThreadCalls = False 
If port.IsOpen = False Then port.Open() 


End Sub 


Private Sub port_DataReceived(ByVal sender As Object, ByVale As _ 
System.IO.Ports.SerialDataReceivedEventArgs) Handles port.DataReceived 
TextBox1.Text = (port.ReadByte - 157) 


If port.ReadExisting.Length = 0 Then 


End If 
End Sub 
End Class 


1.2V, with 157 being deducted from 
the raw readings. It would then be 
possible for readings both above and 
below the valid range to be produced. 
The importance of this is that it is 
then clear to the user when an out of 
range, and therefore unreliable read- 
ing is being obtained. There would 
otherwise be no way of knowing 
whether a maximum in-range reading 
was valid or produced by an exces- 
sive temperature and input voltage. 


Modified circuit 
The circuit diagram for the modified 
version of the analogueto-digital 
converter is shown in Fig.3. This is 
the same as the interface featured 
in the April’12 issue, apart from the 
addition of resistor R7 and preset 
potentiometer VR2. These provide 
a voltage to the negative input of 
converter chip IC1 that can be varied 
from zero to nearly 2V. 

The component used for VR2 
should be a good quality multiturn 


type. As before, VR1 enables the full- 
scale sensitivity of the circuit to be 
altered; and in this case, it is a full- 
scale value of 2.55V that is required. 

Listing 1 shows the modified ver- 
sion of the Visual BASIC program for 
the temperature interface, and the 
screen dump of Fig.4 shows it in ac- 
tion. This is the same as the program 
featured previously, apart from the 
fact that 157 is deducted from read- 
ings before they are displayed via the 
textbox. In order to match this figure, 
the interface should be set for an offset 
potential of 1.2V. 

It is probably best to use the in- 
terface with the basic version of the 
temperature sensor. Including its 
calibration control is pointless since 
the system can be calibrated via VR1 
and VR2 in the analogue interface. 

The first step in the calibration 
process is to use a digital multim- 
eter to measure the voltage at pin 7 
of IC1 so it can be set at 1.2V. With 
the sensor at a known temperature 


Fig.3. The modified analogue interface circuit for use with an LM335Z temperature sensor. VR2 provides an adjustable offset 
voltage that can be varied from 0 to just under 2V 
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that is equal to or close to the 100°C 
maximum, preset VR1 is set for the 
correct reading. 

Next, thesensor is taken toaknown 
temperature that should be 0°C, or 
any lower temperature that is within 
the range of the system. If necessary, 
VR2 is then adjusted to give the right 
temperature reading. This process 
should be repeated a few times until 
no further adjustment of VR1 or VR2 
is needed. 

Of course, the sensor must be 
housed in a probe assembly that is 
waterproof and can handle tempera- 
tures of 100°C or so if it is used with 
hot liquids. Bear in mind that some 
plastics melt at less than 100°C. 


= 


Degrees Celsius j 


21.5 


Fig.4. A screen dump showing the moad- 
ified temperature program in operation 


Obviously, due care should be taken 
when the calibration process involves 
the use of hot liquids, and (or) very 
cold materials. 
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Need a small and 
cost-effective device? 


Look no further. 


PoScope Megai1+ 


Smallest USB 2.0 portable 1MS/s oscilloscope 
Data acquisition of analog and digital signals 
Data recording 

Export to CSV, XLS, PDF and HTML 

Simple usage of advanced features 

Examples for C++, VB, Delphi and LabView 
Free software and updates 


PoKeys 56 


Smallest USB HID or ETHERNET I/O interface 
Keyboard and joystick simulator (USB) 

55 digital I/O (configurable) 

LCD and LED matrixes driver 

6 PWM outputs, 26 encoder inputs 
Supports up to 10 I2C, 1-Wire sensors, 

up to 7 analog sensors 

Expandable with PoNet 

Free software and web interface (Ethernet) 


Visit www.poscope.com 
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by Alon Winstanley 
Blackberry way... 


NE of thetrickiest solderingjobs |! undertook recently 

was to replace the badly-scraped touchscreen of my 

loyal TomTom satellite navigation unit. | needed 
to resolder some microscopically-thin wires of the touch 
digitiser (the transparent wafer-thin capacitive film placed 
over the colour screen) and connect them to the LCD ribbon 
cable itself. Luckily, I’d bought a couple of replacement 
digitisers via eBay for next to nothing, so after a practice-run 
with the first screen (a failure) I’m happy to say the repair was 
successful a second time, helped along by a reflow soldering 
technique and some crossing of fingers. 

The TomTom screen reminds me that touch technology is 
here to stay, and a day seldom passes without a new touch 
device being launched in one shape or another. In previous 
columns, | outlined someof thelatest hardwaredevelopments 
in consumer tablets and smartphones, including the short- 
lived but appealing HP WebOS-based Touchpad tablet (see 
Net Work, Nov 2011) which was strangled at birth by HP and 
sold off at knock-down prices. 

Today, the rumour mill is buzzing with speculation of a 
possible foreign buy-out of Canada’s Research in Motion, 
the name behind Blackberry. The Blackberry Playbook tabl et 
(Net Work, Sept 2011) seems to be heading the same way as 
HP’s Touchpad, in terms of price anyway, after eight months 
of lacklustre sales. Previously handicapped by its inability 
to handle email natively, a recent OS update has made the 
Playbook more usable as an email device that connects via 
your Blackberry. The Playbook 16GB is now less than half 
price on Amazon, at about £190, so if you enjoy tweeting or 
emailing via a Blackberry, then now is the time to hunt one 
down and grab a bargain. 

Back in the Dec’1l issue, | mentioned the new Amazon 
Kindle Fire, a 7in. colour tablet with movie, ebook, email and 


Blackberry’s Playbook is now less than half price and benefits 
from a recent OS upgrade 
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web capabilities. At the time of writing, it’s yet to be released 
in the UK, it’s only on salein the US, the price of $199 being 
unchanged. The Fire runs the Amazon Silk web browser 
and claims to deliver web-based content in a smoother, 
more predictive manner by processing downloads through 
Amazon's cloud, which acts as acache. Many news and media 
websites contain a ludicrous number of adverts streamed in 
from third-party ad. servers, which cripples a web page's 
loading times, so Amazon’s approach sounds very appealing. 

Amazon in the UK has been busily growing its Kindle 
range, and the new Kindle Touch is available on pre-order at 
£109.00. It still has theimpressive high visibility eink screen 
(6in. diagonal) that avoids the glare, heat and eyestrain of a 
backlit LCD, but it’s now touchscreen-enabled. The Kindle 
Touch has Wi-Fi, and ebooks can be downloaded in 60 
seconds, claims Amazon. As before, you can email your own 
PDFs and documents to your Kindle to view them on the 
go (fees apply). Still available are the classic Kindle ebook 
reader (£89) and a keyboard version (£149). 

For readers wanting to access the web or email on the go, 
several years ago a new family of ‘netbook’ mini laptops 
appeared that offered a 10in. or 12in. colour screen and a 
proper dinky-sized keyboard in a folding laptop-like style 
Many use solid-state drives (SSDs) and there is no optical 
drive, and various other specifications have been pared 
down, as befits the tiny form factor. They mostly run 
Windows 7 Starter Edition and cost around £250. 

Many users still find a netbook adequate for a particular 
task or for taking on holiday, or for use by youngsters. 
Another option is devices called ‘chromebooks’, which are 
dumb-terminal netbooks using the Google Chrome OS (a 
Linux derivation, see Net Work, Sept 2011). Chromebooks 
require an al ways-avail able Internet connection to access the 
Google cloud-based applications and documents that they 
work with. Basic programs including a browser and media 
player are included, but not much else 


The art of Zenbooks 

A netbook or chromebook can soon be found wanting for 
everyday Internet use, and they are gradually being over- 
shadowed by the latest generation of touchscreen devices. 
An option that is less cumbersome than a laptop, and 
less dainty than a tablet, is the latest range of so-called 
‘ultrabooks’. These pricey ultra-portable devices are super- 
thin and near silent, with folding screen and QWERTY 
keyboard, usingSSDs to host Windows 7. Apingthestyle of 
the svelte MacBook Air, benefits of an Intel-based ultrabook 
include their high degree of portability, rapid wakeup 
(typically two seconds) and tablet-like ergonomics. They 
are typically only 15mm thick, with some models tapering 
down to just afew millimetres at the front lip. 

Several dozen models are now available from the best 
known names. Onesthat stand outincludetheA sus Zenbook 
UX21, which is crafted out of a sliver of aluminium, with 
webcam, SSD, USB3 and Bluetooth, for about £760. The 
larger-screen Asus UX31 is £1,100 to £1,600. The Samsung 
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Series 5 ultrabook (£779) has a 13.3in. screen and 
a claimed six hour battery life, and Samsung's 
eagerly anticipated Series 9 (£1,200) has super- 
slim styling. Apple’s MacBook Air ultra portable 
is also Intel powered, with an 1lin. or 13in. 
screen, from £849. 

None of these gadgets is cheap, and 
there is no denying the trend towards 
mobile Internet usage, especially 
via smartphones (choose between 
Windows, Android or Apple's iOS). 
Alternatives to ultrabooks or tablets 
include the new Samsung Galaxy 
Note, a smartphonestyle phone/ 
tablet with 5.3in. (diagonal) HD 
screen running Android in a coat- 
pocket sized 146mm housing. It has 
an 8 megapixel camera and touch 
screen or stylus input and high 
specification LCD. The novel Asus 
PadFone is a 4.3in. screen Android 
phone with a separate 10.1in. 
PadFone tablet into which an Asus 
PadF one slides; due soon. 

A cheap alternative, that will be perfect for many home 
users, iS a Zin. Android 4.0 touch tablet, which can be had 
for about £100 or so. A striking example is the NATPC 
MOO09S with Android 4, capacitive touch screen, Flash 11 
(enabling animated Flash sites, YouTube, BBC iPlayer etc to 
be viewed natively, unlike an iPad), 802.11n Wi-Fi, HDMI 
out, Micro SD, webcam and USB. It’s under 1cm thick and is 
currently £110 on Amazon. For a few tens of pounds more, 
a 10in. screen tablet can be bought, such as the highly-rated 
Zenithink ZT-280 imported from www.ebellking.com. 

Smaller Android tablets are now within easy reach. 
There’s more choice than ever, so it’s worth browsing 
around and comparing reviews and prices online 


The NATPC 7in. 
touch tablet offers everything needed for 
everyday casual use, with 8GB of storage, 
Flash compatibility (YouTube, BBC iPlayer), 
802.11n Wi-Fi, webcam, HDMI, USB and 
MicroSD; about £100.00 


Still in the slow lane 

These new ultraportable devices and tablets are all very 
well, but the frustration for many of us is not the tantalising 
new hardware, but the fact that a decent, high speed 
network is still beyond reach after all this time. Ten years 
ago, | was bemoaning the dire state of dial-up Internet and 
the lack of ADSL, but today we endure the frustration of a 
patchy mobile network (I have never managed to make a 
3G video call in my life), and slow broadband speeds that 
are in every way handicapping our use of this increasingly 
essential medium. 

It’s claimed that 50% of UK homes have access to a 
‘superfast’ 50Mbps service, but this doesn’t take account 
of Britain’s geography. In my own locality, broadband 
speeds have barely doubled in the past ten years, and they 
frequently struggle at four megabits per second over an 


Moogs Android 4.0 


arthritic telephone line, based on a 
copper network cobbled together 30 

or 40 years ago. 
Superfast broadband is on the 
horizon though, and 90% of premises 
in the UK are promised 25 Mbps by 2015 
as part of the Government's ‘Broadband 

Delivery UK’ (BDUK) programme. This 

£0.8 billion network upgrade comes under 
the umbrella of the Dept. of Culture, Media 
and Sport (DCMS), which has the lofty 
ambition of ‘providing the best superfast 
broadband network in Europe by 2015’. The 
BBC 2013/14 licence fee will contribute a £300 
million slice of the cost. 

Fibre optic links are being laid to supply high 
speed broadband access around the country, and 
there is the possibility of broadband 
‘community hubs’ being created to 
allow bandwidth to be purchased at 
market rates rather than being force- 
fed by BT. The acronym ‘FTTC’ 
stands for fibre to the cabinet, 
meaning fibre optic data delivered to 
a roadside cabinet, with copper cable delivering data the 
last mile or two, while ‘FTTH/P’ delivers directly to the 
home or premises. The way in which a future-proof high 
speed network can be built across the UK is still being hotly 
debated. The BDUK programme promises to be technology 
neutral, and at the extreme fringes of broadband access, 
satellite services may play a part. 

You can learn more about the DMCS’s broadband 
programme at: www.culture.gov.uk/what_we_do/teleco 
mmunications_and_online/7763.aspx and you can see how 
well your own region is faring at the moment by zoomingin 
on this map (2011): http://maps.ofcom.org.uk/broadband/. 
How the Local Broadband Plan will affect you can also be 
viewed at: http://g.co/maps/yxnwx 


Home is where you hang your @ 

Some regular EPE Chat Zone forum users (www.chatzones. 
co.uk) might have noticed a new Net Work area dedicated 
to Internet-related topics. You might also have seen links 
to my personal website, which includes a mystery tour of 
my own constructional projects that appeared in Everyday 
Electronics over the years, starting with my first-ever project 
(Mains Delay Switch) of 1977 vintage. 

I’m revisiting my original prototypes, which are being re- 
photographed in colour and published online for the first 
time. You'll be able to download my original constructional 
article as aPDF with some personal background notes about 
the prototype. I'd like to think | have come along way in 35 
years (Some may disagree!) and readers are welcome to visit 
www.alanwinstanley.com and take a look around. 

In tandem with this is www.epemag. 


This optimistic map shows the planned roll-out of high speed broadband across the 


UK. How does your region fare? 
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net, awebsite that | host in support of EPE. 
Among other resources, it has the legacy 
PIC microcontroller and other source 
code files from the mid 1990s to the early 
2000s, and my Network Best of the Net 
A-Z listing has also been revived after an 
absence of many years. A web-enabled 
reprint of my article From Pipelines to 
Pylons - the story of electricity generation 
will also be found there. That’s all for 
this month - you can email me at alan@ 
epemag.demon.co.uk or write to the 
editor at editorial@wimborne.co.uk 


Check us out on 
the web!! 


WIN AN ATLAS LCR 
ANALYSER WORTH £79 


An Atlas LCR Passive C: afl lel Analyser, 
kindly donated by Peak Electronic Design 
Ltd, will be awarded to the author of 
the Letter Of The Month. The Atlas LCR 
automatically measures inductance from ImH 
to 10H, capacitance from 1pF to 10,000uF 
and resistance from 1Q to 2MQ with a basic 


accuracy of 1%. www.peakelec.co.uk 


Email: editorial@ wimborne.co.uk 


EADOUT 


Matt Pulzer addresses some of the general points 
readers have raised. Have you anything interesting to say? 


Drop us a line! 


All letters quoted here have previously been replied to directly 


w LETTER OF THE MONTH vs 


Leakage current measurement from the expression | = CdV/dt. This technique is not a 


Dear editor 

Thesystem of Jim Rowe for capacitor 
leakage measurement (EPE, Apr 
2012) was interesting. | have been 
using capacitors under conditions 
where their leakage current was 
potentially of significance, but not 
having the above type of system, 
| used a different technique to 
measure the effective leakage 
resistance. The obvious technique 
is to use a sensing resistor and 
measure the voltage drop across 
it caused by the capacitor leakage 
current, as used by Jim. In my case, 
| was using electrolytic capacitors 
well below their maximum rated 
voltage, consequently very low 
currents in the nanoamp range were 
involved. 

Measurement of current in this 
range is abit tricky. Instead of using 
a sensing resistor, | use a different 
approach. By measuring the rate 
of decay of charge of the capacitor 
caused by leakage, the effective 
leakage current can be obtained 


The capacitance is known and the 
voltage on the capacitor has to be 
measured at some time and again 
at some time later. Measurement of 
voltage cannot be done without the 
effect of the input impedance of the 
voltmeter loading the capacitor; but 
fortunately, it is only the voltage at 
the start of the timed period and at 
the end of it that is of interest. 

| used a digital storage oscill- 
oscope (Picoscope) with a x10 
probe having an input impedance 
of 10M. The DC supply and probe 
were connected to the capacitor 
and then both removed, leaving 
the capacitor open-circuited. Some 
time later, the probe was touched 
on the capacitor to read the voltage. 
The DSO showed the voltage when 
source and probe were removed 
and the voltage when the probe 
was reapplied, so that the drop 
in voltage and the time interval 
could be read off. The time interval 
was adjusted so that a small but 
measurable decay in voltage could 
be detected. 


particularly accurate measurement, 
but is very simple. It is useful in 
cases where only an assessment of 
leakage current is needed. 


Ken Naylor, by email 
Matt Pulzer replies: 


Thank you for your email Ken. | 
enjoyed readingabout your technique 
for measuring leakage current. | often 
feel that the | = CdV/dt equation is 
not given the prominence it deserves 
by hobbyists, possibly because some 
are put off by differential equations. 
But as you point out, with a little 
though it can be used to yield useful 
information. 

In other circuits, sawtooth or 
triangle waveforms are especially 
handy with capacitors, since the 
dV/dt component of the equation is 
simply a constant (the gradient of the 
waveform); the equation then reduces 
to | =kC, where k is the gradient. In 
other words, the current is directly 
proportional to the capacitance. 


Digital RF & Power Meter 


Dear editor 
| have made a small deviation from the original project 
design (EPE, Dec 2010) by rearranging the 470uF 16V 
radial electrolytic capacitor from a vertical to horizontal 
position and cutting away a section of the main PCB to 
allow a 9V PP3 battery to be placed at the top of the main 
LCD module. This results in a more comfortable hand- 
held unit, rather than the clumsy but robust unit in the 
original design. | have also added the LCD backlight 
switch and removed the head-end plastic wire retaining 
clip and locating screw. 

| have used the Digital RF & Power Meter on four 
occasions since its completion and found it to be of 
immense value, especially considering that a commercial 
unit of the same type would cost £300. | built mine for 
£60 thanks to EPE. 

I hope readers find my associated website of interest: 
http://m3xod-2e0xod.webplus.net. 


lan Donnelly, by email 


IF YOU HAVE A SUB} ECT YOU WISH TO DISCUSS IN READOUT 
PLEASE EMAIL US AT: 


Matthew Pulzer replies: 


Many thanks for your mod explanation lan, and good luck 
with the website. 
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EHT probe - be careful! 


Dear editor 

| just want to drop you a line to say 
that | thought the EHT sensor project 
was dangerous. 

| know you published along warning, 
and it is reasonable to assume that 
people involved with TVs are aware 
of the dangers of working with live 
CRTs. However, the design requires 
that the earth lead connection is fool 
proof, otherwise the full EHT will be 
transmitted to themeter- and possibly to 
a person touching it. In the photograph, 
the earth lead is secured by means of 
a croc clip onto a thin sheet of earthed 
metal chassis. If the user is distracted by 
looking for a fault and perhaps adjusting 
the brightness or contrast controls, that 
crock clip could easily ‘pop off’. 

In my view, it should be made clear 
that the earth lead should be bolted to 
the chassis under test. This is not as 
quick, and it takes some time to find a 
place, but it’s safer. 

Last, I want to finish on a positive 
note- the WIB series has been great fun 
and has kept me quiet for hours. 

Keep up the good work! 


Mike Boyden, by email 
Matt Pulzer replies: 


Mike, thank you for your useful 
observations. 

If used properly, | do think the EHT 
probe is safe, but like much equipment 
in engineering, if one is distracted and 
ceases to pay careful attention then a 
hazard is certainly possible. 

That said, | do think your suggestion 
is sensible and | am grateful for your 
further warning to those using it 
and to encourage extra safety where 
possible. 

I’m delighted to hear you are enjoying 
the WIB - it’s areally popular project. 


Dear editor 

In my opinion the EHT probe is rather 
too dangerous for everyday use, bearing 
in mind that most readily available 
(cheap) multimeters have very modest 
insulation capabilities. 

Is it not possible to design a really 
safe probe? | am thinking along the 
lines of an optical interface between 
the high and low sides. Not standard 
opto-isolators, but two or more 
components separated by a short 
piece of optical fibre giving safe 50kV 
or better isolation. As an example, | 
have a 30kV electric fence energiser 
where control between the HV and LV 
sides is achieved by two 5mm LED’s 
interconnected by means of a 75mm 
length of drinking straw! 

The primary side could be battery 
powered to drive asender LED. Access 
to the battery and primary sidecircuitry 
will be possible only by opening the 
unit. Battery drain will ideally be near 
zero when not in use. 

A properly earthed primary will 
give a sensible readout, whereas an 
unearthed primary will giveno readout, 
or some randomly floating values. 
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| am, nevertheless, going ahead with 
your project - but why would the 
constructional cost be £40? 


Leon van der Merwe, South Africa, 
by email 


Matt Pulzer replies: 


Hi Leon, if constructed carefully and 
accurately, and used properly by an 
experienced amateur or professional - 
something we do really hammer home 
in the article - | do believe our probe 
is safe to use. That said, there is more 
than one way to skin a cat, and thereis 
always room for improvement, as your 
interesting suggestions highlight. 

The probe costs more than one might 
think because correctly rated (high 
voltage) resistors are not the ‘cheapo’ 
components we are used to in most 
other areas of electronics. Normally, 
| would not worry about constructors 
choosing any substitute components 
that they felt were up to the task. In this 
case, | would urge all constructors to be 
very conservative in selecting (and just 
as important, sourcing) components. 
The result is a modest price hike. 

Do let me know how you progress 
with your EHT probe and best wishes 
to you ‘down’ in South Africa. 


..and a little more on leakage 
detection 


Dear editor 

From time to time | pick up your 
magazine when there's an article of 
personal interest. Your Nov 2011 Leakage 
meter ‘sparked’ my interest. | thought 
about building it, but decided that it was 
far too complicated for the few times 
that I’d require it. So | came up with a 
much simpler version, which requires a 
variable DC voltage source, a DVM, a 10k 
resistor and an SPST pushbutton switch 
(NC contacts). It works as follows. 

Connect the DC source, 10k resistor, 
capacitor under test and the switch 
in series - observing polarity. Put the 
DVM across the supply and monitor 
voltage output as you adjust it to match 
capacitor rating. Switch the DVM over 
to the capacitor leads and watch the 
voltage stabilise. When it does, connect 
the current meter of the DVM across the 
switch and open the switch contacts. 
The meter reading will give you the 
leakage current - simple. 

In a follow up, could you include 
more leakage current values for 
capacitors above 4700uF; ie, 6800uF, 
10,000uF and 15,000uF. | have some of 
these and would like to know what to 
expect in the way of leakage readings. 


Joe Wdowiak, by email 
Matt Pulzer replies: 


Hi Joe, there is no simple answer to 
your question about the magnitude of 
leakage current in the larger capacitors 
you mention. At the very least, you 
would need to know the capacitor 
technology and its voltage rating. 

That said, | have found Farnell’s 
online catalogue to provide useful 
data: http://uk.farnell.com/capacitors 


Compact Control Desig jae 


New radio products 
Remote switch 


Add remote control to any 
kind of switch. 1,2,3,4 gang 
versions available. 


-—— 


Receiver controls power to 0 
any appliance up to 5 Amp. 

Add lighting without messy = 
wiring. 


Outside lights, security lights. ">> 
Pond pump remote control. 
Remote control sockets. - 


Smart controller 


Clock and 7 day timer. 
Temperature and light 19:56 
sensors. Use any 
combination to control 
many household 
functions. Ideal for- 


*Smart central heating. 

*Security systems. 

¢Indoor/outdoor lighting. 

eGarden features (pond pumps etc) 
Can control many things from 1 
controller. 


| 


Remote logger 


Boxed or PCB version. 1 input. 
Measures- 

Switch (remote control or metering) 
Pulse (metering applications) 
Voltage, Current or Temperature. 
Boxed version has 1/2 AA lithium cell 
with 10 years expected life. 


USB radio 


Radio transceiver 

in USB dongle. be 
Emulates CDC 

device, appears as a serial port. 
Implements simple data link, point to 
point, networks, groups etc. Data 
logger and management software 
available. 


Simple radio 
Includes UART port, 
send data into one 
device and it comes out 
of the others, no config 
needed. Also supports- 
Point to point, groups, 
networks etc. 

Low duty cycle mode for 
low power apps. 
Includes PIC micro. 


www.compactcontrol.co.uk 
Phone: +44 1260 281694 
Fax: +44 1260 501196 
sales@compactcontrol.co.uk 
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INCLUDING 
VAT and P&P 
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- based on PIC technology 

- full graphical programming language 

- supports wired and wireless 
communication protocols 

- compatible with industrial sensors, 
lab sensors and add-ons 
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ELECTRONICS 


TEACH-IN 4 


ELECTRONICS TEACH-IN 4 


A Broad-Based Introduction to Electronics 
plus FREE CD-ROM 

The Teach-In 4 book covers three of the 
most important electronics units that are currently studied in 
many schools and colleges. These include, Edexcel BTEC 
level 2 awards and the electronics units of the new Diploma in 
Engineering, Level 2. 

The Free cover-mounted CD-ROM contains the full Mod- 
ern Electronics Manual, worth £29.95. The Manual contains 
over 800 pages of electronics theory, projects, data, assem- 
bly instructions and web links. 

A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


144 pages Order code ETI4 £8.99 


ROBOTICS 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the brilliant 
Lego Mindstorms Robotic Invention System (RIS). Initially 
covers fundamental building techniques and mechanics 
needed to construct strong and efficient robots using the 
various “click-together” components supplied in the basic 
RIS kit. Then explains in simple terms how the “brain” of 
the robot may be programmed on screen using a PC and 
“zapped” to the robot over an infra-red link. Also, shows how 
amore sophisticated Windows programming language such 
as Visual BASIC may be used to control the robots. 
Detailed building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages - large format Order code BP901 £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 
Shows the reader how to extend the capabilities of the brilliant 
Lego Mindstorms Robotic Invention System (RIS) by using 
lego’s own accessories and some simple home constructed 
units. You will be able to build robots that can provide you with 
‘waiter service’ when you clap your hands, perform tricks, 
‘see’ and avoid objects by using ‘bats radar’, or accurately 
follow a line marked on the floor. Learn to use additional 
types of sensors including rotation, light, temperature, sound 
and ultrasonic and also explore the possibilities provided by 
using an additional (third) motor. For the less experienced, 
RCX code programs accompany most of the featured robots. 
However, the more adventurous reader is also shown how to 
write programs using Microsoft's VisualBASIC running with the 
ActiveX control (Spirit.OCX) that is provided with the RIS kit. 
Detailed building instructions are provided for the featured 
robots, including numerous step-by-step photographs. The 
designs include rover vehicles, a virtual pet, a robot arm, an 
‘intelligent’ sweet dispenser and a colour conscious robot 
that will try to grab objects of a specific colour. 


Order code BP902 £14.99 


ANDROIDS, ROBOTS AND ANIMATRONS 
Second Edition - J ohn lovine 
Build your own working robot or android using both off-the-shel 
and workshop constructed materials and devices. Computer 
control gives these robots and androids two types of artificial 
intelligence (an expert system and a neural network). A lifelike 
android hand can be built and programmed to function doing 
repetitive tasks. A fully animated robot or android can also be 
built and programmed to perform a wide variety of functions. 
The contents include an Overview of State-of-the-Ar 
Robots; Robotic Locomotion; Motors and Power Controllers; Al 
Types of Sensors; Tilt; Bump; Road and Wall Detection; Light; 
Speech and Sound Recognition; Robotic Intelligence (Exper 
Type) Using a Single-Board Computer Programmed in BASIC; 
Robotic Intelligence (Neutral Type) Using Simple Neural 
Networks (Insect Intelligence); Making a Lifelike Android Hand; 
A Computer-Controlled Robotic Insect Programmed in BASIC; 
Telepresence Robots With Actual Arcade and Virtual Reality 
Applications; A Computer-Controlled Robotic Arm; Animated 
Robots and Androids; Real-World Robotic Applications. 


Order code MGH1 £16.99 


198 pages 


224 pages 


ELECTRONICS TEACH-IN BUNDLE - 
SPECIAL BUNDLE PRICE £14 FOR PARTS 1, 2 & 3 


ELECTRONICS TEACH-IN 2 CD-ROM 
USING PIC MICROCONTROLLERS A PRACTICAL 
INTRODUCTION 
This Teach-In series of articles was originally published 
in EPE in 2008 and, following demand from readers, has 
now been collected together in the Electronics Teach-In 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a host of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to using 
the C programing language for PIC microcontrollers is also 
included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance 
Parts Selector V2.32; Treelink; Motor Control Solutions; 
16-bit Embedded Solutions; 16-bit Tool Solutions; Human 
Interface Solutions; 8-bit PIC Microcontrollers; PIC24 
Micrcontrollers; PIC32 Microcontroller Family with USB 
On-The-Go; dsPIC Digital Signal Controllers. 


CD-ROM Order code ETI2 CD-ROM £9.50 


Book and CD-ROMs 


Order code ETIBUNDLE 


ELECTRONICS TEACH-IN 3 


The three sections of this book cover 
a very wide range of subjects that will 
interest everyone involved in electronics, from hobbyists and 
students to professionals. The first 80-odd pages of Teach-In 3 
are dedicated to Circuit Surgery, the regular EPE clinic dealing 
with readers’ queries on various circuit design and application 
problems — everything from voltage regulation to using SPICE 
circuit simulation software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 circuit designs submitted by the readers of EPE. 

The free cover-mounted CD-ROM is the complete Electronics 
Teach-In 1 book, which provides a broad-based introduction to 
electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — 
plus a specially written TINA Tutorial), together with simulations 
of the circuits in the Teach-In 1 series, plus Flowcode (a 
limited version) a high level programming system for PIC 
microcontrollers based on flowcharts. 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series. The contents of the book and Free CD-ROM have 
been reprinted from past issues of EPE. 

160 pages Order code ETI3 £8.50 


Bundle Price £14.00 


COMPUTERS AND COMPUTING 


REE DOWNLOADS TO PEP-UP AND 
PROTECT YOUR PC 
R.A. Penfold 
Bob Penfold, uses his vast knowledge and experience 
in computing to guide you simply through the process of 
finding reliable sites and sources of free software that will 
help optimize the performance and protect your computer 
against most types of malicious attack. 

Among the many topics covered are: Using Windows 
7 optimization wizard; PCPitstop for advice on improving 
performance, reducing start up times, etc; Free optimization 
scans and the possibility of these being used as a ploy to 
attack your PC; Free programs such as Ccleaner, Registry 
checker and PCPal optimization software; Internet speed 
testing sites and download managers; Overclocking sites, 
together with warnings about using this technique; Sites 
and software for diagnosis of hardware faults, including 
scanning for out of date drivers and finding suitable 
replacements; Free Antivirus software and programs 
that combat specific types of malware; Firewalls; Search 
engines to identify mystery processes listed in Windows 


Task Manager. 
Order code BP722 £7.99 


PROGRAMMING 16-BIT PIC 
MICROCONTROLLERS IN C 
- LEARNING TO FLY THE PIC24 Lucio Di J asio 
(Application Segments Manager, Microchip, USA) 
A Microchip insider tells all. Focuses on examples and 
exercises that show how to solve common, real-world 
design problems quickly. Includes handy checklists to 
help readers perform the most common programming 
and debugging tasks. FREE CD-ROM includes source 
code in C, the Microchip C30 compliler, and MPLAB 
SIM software, so that readers gain practical, hands-on 
programming experience. 

Until recently, PICs didn’t have the speed and memory 
necessary for use in designs such as video- and audio- 
enabled devices. All that changed with the introduction 


WN 


128 pages 


RADIO 


BASIC RADIO PRINCIPLES AND TECHNOLOGY 
lan Poole 

Radio technology is becoming increasingly important in 
today’s high technology society. There are the traditional 
uses of radio which include broadcasting and point to point 
radio as well as the new technologies of satellites and 
cellular phones. All of these developments mean there is a 
growing need for radio engineers at all levels. 
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Assuming a basic knowledge of electronics, this book 
provides an easy to understand grounding in the topic. 

Chapters in the book: Radio Today, Yesterday, and Tomorrow; 
Radio Waves and Propagation; Capacitors, Inductors, and 
Filters; Modulation; Receivers; Transmitters; Antenna Systems; 
Broadcasting; Satellites; Personal Communications; Appendix — 


Basic Calculations. 
Order code NE30 £28.99 


263 pages 


of the 16-bit PIC family, the PIC24. This new guide 
teaches readers everything they need to know about the 
architecture of these chips, how to program them, how 
to test them and how to debug them. Lucio’s common- 
sense, practical, hands-on approach starts out with basic 
functions and guides the reader step-by-step through 
even the most sophisticated programming scenarios. 

Experienced PIC users and newcomers alike will benefit 
from the text’s many thorough examples, which demonstrate 
how to nimbly side-step common obstacles and take full 
advantage of all the 16-bit features. 


496 pages +CD-ROM Order code NE45 £38.00 


THE INTERNET - TWEAKS, TIPS 
AND TRICKS 
. A. Penfold 
Bob Penfold, uses his vast knowledge and experience 
in computing to provide you with useful hints, tips and 
warnings about possible difficulties and pitfalls when 
using the Internet. This book should enable you to get 
more from the Internet and to discover ways and means 
of using it that you may not have previously realised. 
Among the many topics covered are: Choosing a 
suitable browser, getting awkward pages to display 
properly; Using Java, spell checkers and other add- 
ons, etc; Using proxy servers to surf anonymously and 
privacy facilities so you do not leave a trail of sites 
visited; Ways of finding recently visited sites you can 
no longer find; Using download managers to speed up 
downloads from slow servers; Effective ways and tricks 
of using search engines to locate relevant info; Tricks 
and tips on finding the best price for goods and services; 
Not getting ‘conned’ when buying or selling on eBay; 
Finding free software; Finding and using the increasing 
range of Cloud computing services; Tips on selecting 
the best security settings; Etc. 


Order code BP721 £7.99 


128 pages 


DIRECT BOOK 
SERVICE 


3 All prices include UK postage 


The books listed have been selected by 
Everyday Practical Electronics editorial 
staff as being of special interest to 
everyone involved in electronics and 
computing. They are supplied by mail 
order direct to your door. Full ordering 
details are given on the last book page. 


FUELICOLOURICOM PUTINGIBOOKS 


WINDOWS 7 - TWEAKS, TIPS AND TRICKS 
Andrew Edney 

This book will guide you through many of the exciting new 
features of Windows 7. Microsoft's latest and greatest op- 
erating system. It will provide you with useful hints, tips and 
warnings about possible difficulties and pitfalls. This book 
should enable you to get much more out of Windows 7 and, 
hopefully, discover a few things that you may not have re- 
alised were there. 

Among the topics covered are: A brief overview of the 
various versions of Windows 7. How to install and use 
Upgrade Advisor, which checks to see if your computer 
meets the minimum requirements to run Windows 7 and 
that your software and drivers are supported by Windows 
7. How to use Windows Easy Transfer to migrate your data 
and settings from your Vista or XP machine to your new 
Windows 7 computer. Exploring Windows 7 so that you 
will become familiar with many of its new features and 
then see how they contrast with those of earlier versions 
of Windows. How to connect to a network and create and 
use Home Groups to easily share your pictures, videos, 
documents, etc.,with the minimum of hassle. Why Win- 
dows Live Essentials is so useful and how to download 
and install it. A brief introduction to Windows Media Cen- 
ter. The use of Action Center, which reports security and 
maintenance incidents. Windows Memory Diagnostic to 
detect the fairly common problem of faulty memory and 


Troubleshooting tools. 
Order code BP708 


HOW TO BUILD A COMPUTER MADE EASY 

R.A. Penfold 

Building your own computer is a much easier than most 
people realise and can probably be undertaken by any- 
one who is reasonably practical. However, some knowl- 
edge and experience of using a PC would be beneficial. 
This book will guide you through the entire process. It 
is written in a simple and straightforward way with the 
explanations clearly illustrated with numerous colour 


120 pages £8.49 


photographs. 


The book is divided into three sections: Overview and 
preparation — Covers understanding the fundamentals and 
choosing the most suitable component parts for your com- 
puter, together with a review of the basic assembly. Assem- 
bly — Explains in detail how to fit the component parts into 
heir correct positions in the computer's casing, then how 
‘0 connect these parts together by plugging the cables into 
he appropriate sockets. No soldering should be required 
and the only tools that you are likely to need are screwdriv- 
ers, small spanners and a pair of pliers. 

BIOS and operating system — This final section details 

he setting up of the BIOS and the installation of the Win- 
dows operating system, which should then enable all the 
parts of your computer to work together correctly. You will 
hen be ready to install your files and any application soft- 
ware you may require. 
The great advantage of building your own computer 
is that you can ‘tailor’ it exactly to your own requirements. 
Also, you will learn a tremendous amount about the struc- 
ure and internal workings of a PC, which will prove to be 
invaluable should problems ever arise. 


Order code BP707 


AN INTRDUCTION TO eBAY FOR THE 

OLDER GENERATION 

Cherry Nixon 

eBay is an online auction site that enables you to buy and 
sell practically anything from the comfort of your own home. 
eBay offers easy access to the global market at an amaz- 
ingly low cost and will enable you to turn your clutter into 
cash. 

This book is an introduction to eBay.co.uk and has been 
specifically written for the over 50s who have little knowl- 
edge of computing. The book will, of course, also apply 
equally to all other age groups. The book contains ideas for 
getting organised for long term safe and successful trading. 
You will learn how to search out and buy every conceivable 
type of thing.The book also shows you how to create auc- 
tions and add perfect pictures. There is advice on how to 
avoid the pitfalls that can befall the inexperienced. 


120 pages £8.49 


Cherry Nixon is probably the most experienced teacher 
of eBay trading in the UK and from her vast experience has 
developed a particular understanding of the issues and dif- 
ficulties normally encountered by individuals. 

So, if you are new to computers and the internet and 
think of a mouse as a rodent, then this is the book for you! 


Order code BP709 


GETTING STARTED IN COMPUTING FOR 

THE OLDER GENERATION 

J im Gatenby 

You can learn to use a computer at any age and this book 
will help you acheive this. It has been especially written for 
the over 50s, using plain English and avoiding technical jar- 
gon wherever possible. It is lavishly illustrated in full colour. 

Among the many practical and useful subjects that are 
covered in this book are: Choosing the best computing 
system for your needs. Understanding the main hardware 
components of your computer. Getting your computer up 
and runnning in your home. Setting up peripheral devices 
like printers and routers. Connecting to the internet using 
wireless broadband in a home with one or more computers. 
Getting familiar with Windows Vista and XP the software 
used for operating and maintaining your computer. Learn- 
ing about Windows built-in programs such as Windows Me- 
dia Player, Paint and Photo Gallery. 

Plus, using the Ease of Access Center to help if you 
have impaired eyesight, hearing or dexterity problems. 
Installing and using essential software such as Microsoft 
Office suite. Searching for the latest information on virtu- 
ally any subject. Keeping in touch with friends and family 
using e-mail. Keeping your computer running efficiently 
and your valuable data files protected against malicious 
attack. 

This book will help you to gain the basic knowledge 
needed to get the most out of your computer and, if you 
so wish, give you the confidence to even join a local 


computer class. 
Order code BP704 


120 pages £8.49 


120 pages £8.49 


THEORY AND REFERENCE 


ELECTRONIC CIRCUITS - FUNDAMENTALS 

& APPLICATIONS 

Third Edition 

Mike Tooley 

A comprehensive reference text and practical electronics 
handbook in one volume — at an affordable price! 

New chapter on PIC microcontrollers — the most popular 
chip family for use in project work by hobbyists and in 
colleges and universities. 

New companion website: spreadsheet design tools to 
simplify circuit calculations; circuit models and templates 
‘o enable virtual simulation; a bank of on-line questions 
ior lecturers to set as assignments, and on-line self-test 
multiple choice questions for each chapter with automatic 
marking, to enable students to continually monitor their 
progress and understanding. 

The book's content is matched to the latest pre-degree 
evel courses, making this an invaluable reference for 
all study levels, and its broad coverage is combined with 
practical case studies, based in real-world engineering 
contexts throughout the text. 

The unique combination of a comprehensive reference 
ext, incorporating a primary focus on practical applications, 
ensures this text will prove a vital guide for students and 
also for industry-based engineers, who are either new to the 
ield of electronics, or who wish to refresh their knowledge. 


400 pages Order code NE43 £25.99 
BEBOP TO THE BOOLEAN BOOGIE 
Third Edition 


Clive (Max) Maxfield 

This book gives the ‘big picture’ of digital electronics. This 
indepth, highly readable, guide shows you how electronic 
devices work and how they’re made. You'll discover 
how transistors operate, how printed circuit boards are 
fabricated, and what the innards of memory ICs look like. 
You'll also gain a working knowledge of Boolean Algebra 
and Karnaugh Maps, and understand what Reed-Muller 
logic is and how it’s used. And there’s much, MUCH more. 
The author’s tongue-in-cheek humour makes it a delight to 
read, but this is a REAL technical book, extremely detailed 
and accurate. 

Contents: Fundamental concepts; Analog versus digital; 
Conductors and insulators; Voltage, current, resistance, 
capacitance and inductance; Semiconductors; Primitive logic 
functions; Binary arithmetic; Boolean algebra; Karnaugh 
maps; State diagrams, tables and machines; Analog-to- 
digital and digital-to-analog; Integrated circuits (ICs); Memory 


76 


ICs; Programmable ICs; Application-specific integrated 
circuits (ASICs); Circuit boards (PWBs and DWBs); 
Hybrids; Multichip modules (MCMs); Alternative and future 
technologies. 


500 pages Order code BEB1 £32.99 


BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 
Clive (Max) Maxfield and 
Alvin Brown 
This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information 
about how computers work. It 
picks up where “Bebop |” left 
off, guiding you through the 
fascinating world of computer 
design . . . and you'll have a 
few chuckles, if not belly laughs, 
along the way. In addition to over 200 
megabytes of mega-cool multimedia, the 
CD-ROM contains a virtual microcomputer, simulating 
the motherboard and standard computer peripherals in 
an extremely realistic manner. In addition to a wealth 
technical information, myriad nuggets of trivia, and 
undreds of carefully drawn illustrations, the CD- 
ROM contains a set of lab experiments for the virtual 
microcomputer that let you recreate the experiences 
of early computer pioneers. if you’re the slightest bit 
interested in the inner workings of computers, then don’t 
dare to miss this! 

Over 800 pages in Adobe Acrobat format 


sO 


CD-ROM Order code BEB2 CD-ROM £21.95 
FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES 
Third Edition 


C. R. Robertson 
Covers the essential principles that form the foundations for 
electrical and electronic engineering courses. The coverage 
of this new edition has been carefully brought in line with the 
core unit ‘Electrical and Electronic Principles’ of the 2007 
BTEC National Engineering specification. This qualification 
from Edexcel attracts more than 10,000 students per year. 
The book explains all theory in detail and backs it up 
with numerous worked examples. Students can test their 


understanding with end of chapter assignment questions 
for which answers are provided. In this new edition, the 
layout has been improved and colour has been added. A 
free companion website with additional worked examples 
and chapters is also available. 


368 pages Order code NE47 £21.99 


STARTING ELECTRONICS - 4th Edition 

Keith Brindley 

Starting Electronics is unrivalled as a highly practical introduction 
for technicians, non-electronic engineers, software engineers, 
students, and hobbyists. Keith Brindley introduces readers to 
the functions of the main component types, their uses, and the 
basic principles of building and designing electronic circuits. 
Breadboard layouts make this very much a ready-to-run book for 
the experimenter, and the use of readily available, inexpensive 
components makes this practical exploration of electronics 
easily accessible to all levels of engineer and hobbyist. 

Other books tell readers what to do, but sometimes fail to 
explain why - Brindley gives readers hands-on confidence 
in addition to real scientific knowledge, and insight into the 
principles as well as the practice. All written explanations and 
steps are supplemented with numerous photos, charts, tables 
and graphs. Concepts and practical aspects are explained 
thoroughly with mathematical formulae and technical schematic 
drawings. 

Each chapter introduces a concept or tool, explains the basic 
theory, and provides clear instructions for a simple experiment 
to apply the concept or tool, with quiz sections and answers, at 


the end of each chapter. 
Order code NE100 £18.99 


296 pages 
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MUSIC, AUDIO 


AND VIDEO 


MAKING MUSIC WITH YOUR COMPUTER 
Stephen Bennett 
Nearly everyone with musical aspirations also has a 
computer. This same computer can double as a high 
quality recording studio capable of producing professional 
recordings. This book tells you what software and hardware 
you will need to get the best results. 

You'll learn about recording techniques, software and 
effects, mixing, mastering and CD production. 

Suitable for PC and Mac users, the book is full of tips, 
“how to do” topics and illustrations. It’s the perfect answer 
to the question “How do | use my computer to produce my 


own CD?” 
Order code PC120 £10.95 


92 pages 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you get 
them? How do you use them? Why have they thrown record 
companies into a panic? Will they make music easier to 
buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this concise 
and practical book which explains everything you need 
to know about MP3s in a simple and easy-to-understand 
manner. It explains: 

How to play MP3s on your computer; How to use MP3s 
with handheld MP3 players; Where to find MP3s on the 
Web; How MP8s work; How to tune into Internet radio 
stations; How to create your own MP3s; How to record your 
own CDs from MP3 files; Other digital audio music formats. 

Whether you want to stay bang up to date with the latest 
music or create your own MP9s and join the on-line digital 
music revolution, this book will show you how. 


60 pages Order code PC119 £7.45 


DIGITAL AUDIO RECORDING 

lan Waugh 

All modern music recordings use digital audio technology. 
Now everyone with a computer can produce CD-quality 
recordings and this book shows you how. 

Written in a clear and straightforward style, it explains what 
digital audio recording is, how to use it, the equipment you 
need, what sort of software is available, and how to achieve 
professional results. 


It explains: 

«What computer system you need 

* Sound and digital audio essentials 
* What to look for in a sound card 

¢ What effects to use 

¢ The art of mixing 

* Recording techniques 

¢ How to use virtual instruments 

* How to edit audio and create loops 


Computer-based recording is the future of music and this 
book shows how you can join the revolution now. 


Order code PC121 £7.95 


60 pages 


RADIO BYGONES 
Wealso carry aselection of books aimed 
at readers of EPE’s sister magazine on 
vintage radio Radio Bygones. These 
books include, the four volumes of our 
own Wireless For the Warrior by Louis 
Meulstee. These are a technical history 


of radio communication equipment 
in the British Army and clandestine 
equipment from pre-war through to the 
1960s. 

For details see the UK shop on our web 
site at www.epemag.com or contact us 
for a list of Radio Bygones books. 
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PROJ ECT BUILDING AND TESTING 


ELECTRONIC PRO} ECT BUILDING 
FOR BEGINNERS 
R.A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following topics: 
Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting “problem” projects to 
work, including simple methods of fault-finding. 
In fact everything you need to know in order to get started 
in this absorbing and creative hobby. 


135 pages Order code BP392 £5.99 


BUILDING VALVE AMPLIFIERS 

Morgan J ones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with 
valve (tube in USA) audio equipment — as an electronics 
experimenter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
tube, whether audio enthusiasts tackling their first build, or 
more experienced amplifier designers seeking to learn the 
ropes of working with valves. The practical side of this book 
is reinforced by numerous clear illustrations throughout. 


368 pages Order code NE40 £29.00 


PRACTICAL FIBRE-OPTIC PROJ ECTS 
R.A. Penfold 
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but 
in most cases they also represent a practical approach 
to the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 
The projects include:- Simple audio links, FM. audio 
link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI link, 
Loop alarms, R.P.M. meter. 
All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 


132 pages Order code BP374 £5.45 
GETTING THE MOST FROM YOUR 

MULTIMETER 

R.A. Penfold 


This book is primarily aimed at beginners and those of limited 
experience of electronics. Chapter 1 covers the basics of 
analogue and digital multimeters, discussing the relative 
merits and the limitations of the two types. In Chapter 2 various 
methods of component checking are described, including tests 
for transistors, thyristors, resistors, capacitors and diodes. 
Circuit testing is covered in Chapter 3, with subjects such as 
voltage, current and continuity checks being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 


102 pages Order code BP239 £5.49 


FOR A FURTHER SELECTION OF BOOKS SEE THE NEXT TWO ISSUES OF EPE 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the world 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send 
a PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or 
card details, Visa, Mastercard or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING 
LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs@wimborne.co.uk 


Order from our online shop at: www.epemag.com - go to the UK store 


BOOK ORDER FORM 


Full name: ..... 


Post code: ............. 


WIQNALUNG! veecsteceieser tee atntias sera deca: 


aiidevtnadeugs Telephone No: .......cccce cece cent neeeee 


Please continue on separate sheet of paper if necessary 
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GHECK US OUT ON THE WEB 5: 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. VE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 
Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


LEROY PRMD egal 


Oueiakkcoe 

Multi-Message Voice Recorder 
PIR-Triggered Mains Switch 

* Intelligent Remote-Controlled Dimmer 


KBE COD 


*6-Digit GPS Clock 

Simple Voltage Switch For Car Sensors 
The «Current (double-sided, surface mount) 
* Digital Audio Oscillator (double-sided) 


Betr}ecoo 

230V AC 10A Full-Wave Motor Speed Controller 
Precision 10V DC Voltage Reference 

6-Digit GPS Clock Driver (Pt.2) 

Musicolour IRDA Accessory 


Gediecoe 

Beam-Break Flash Trigger — IR Source 
— Detector 

Metal Locator 

Multi-Function Active Filter 

Active AM Loop Antenna and Amp (inc. Varicaps) 
— Antenna/Amp 
— Radio Loop 


DEKREKK COD 

Input Attenuator for the Digital 
Audio Millvoltmeter 

* SD Card Music & Speech 
Recorder/Player 

* Deluxe 3-Chan. UHF Rolling Code 
Remote Control — Transmitter 

— Receiver 


Ree DK com 
* Digital Megohm and Leakage Current Meter 
Auto-Dim for 6-Digit GPS Clock 


RIAD coo 

* High-Quality Stereo DAC — 
Input & Control Board 
Stereo DAC/Analogue Board 
Front Panel Switch 
Power Supply Board 

Twin Engine SpeedMatch Indicator 

%* Wideband Air/Fuel Display (double-sided) 


Potetei dK com 
* Digital Capacitor Leakage Meter 
One-of-Nine Switch Indicator 

— Main Board 

— Remote Display Board 


Seisictek- dk coo 
* Wideband Oxygen Sensor Controller 
* WIB (Web Server In A Box) 
* Ginormous 7-segment LED Panel Meter 
— Master (KTA-255v2) 
— Slave (KTA-256v2) 
— Programmed Atmega328 


coo 
Balanced Output Board For The Stereo DAC 
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TENSION 


PERSIA COS 
* Air Quality Monitor (CO,/CO) 
WIB Connector Daughter PCB 


ititiok COS 

* Internet Time Display Module 

Solar-Powered Intruder Alarm 

* Very, Very Accurate Thermometer/Thermostat 


Orakcee 

* Digital Audio Signal Generator 
— Main Board (Jay or Alt) 
—Control/Display Board 


EHT Stick 
Capacitor Leakage Adaptor For DMMs 


RE COD 

High-Performance 12V Stereo Amplifier 
Low-Power Car/Bike USB Charger 

* Solar-Powered Lighting Controller 
Jump Start — Plant Pot Moisture Sensor 
— Rain Alarm (Main) 

— Rain Alarm (Sensor) 


Bab}ces 
* Digital Insulation Meter 
— Main/Display 
—DC-DC Converter 
Dual Tracking +0V to 19V PSU 
— Main PCB 
— Front Panel 
—LCD Meter 
Jump Start Quiz Machine 
— Master 
— Contestant 


Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 


| enclose payment of £ 


Everyday Practical 
Electronics 


Card.No. Ss. She odes kos Ae ee Ne ee eh he 
Valid From Expiry Date 


Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 


Everyday Practical Electronics, June 2012 


Everyday Practical Electronics reaches 
more UX readers than any other UK 
monthly hobby electronics magazine, our 


Sales figures prove it. We have been the 
leading monthly magazine in this market 
for the last twenty-five years. 


ADVERTISEMENTS 


If you want your advertisements to be seen by the largest readership at the most 
economical price our classified page offers excellent value. The rate for semi-display 
space is £10 (+ VAT) per centimetre high, with a minimum height of 25cm. All semi- 
display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 


-- 
(+ VAT) per word (minimum 12 words). b B 
All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. ws O ot its 
VAT must be added. Advertisements, together with remittance, should be sent Robots, Arduino & more! 
to Everyday Practical Electronics Advertisements, 113 Lynwood Drive, Merley, agi 
Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: er a 
stewart.kearn@ wimborne.co.uk. For rates and information on display and classified = 
advertising please contact our Advertisement M anager, Stewart Kearn as above. 
www. RobotBits.co.uk 
BTEC ELECTRONICS 
TECHNICIAN TRAINING 0845 5 191 282 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 


7 7 DESIGN AND TECHNOLOGY 
Serial LCD Displays 


& Controllers 
12C, VT100 


PIC32 with Full 
Colour Touch 
Screen 


www.byvac.com 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


MISCELLANEOUS 


VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books and 


BOWOOD ELECTRONICS LTD magazines wanted. Geoff Davies (Radio), tel. STBAART KFARN 
Suppliers of Electronic Components 01788 574774. 
Place a secure order on our website or call our sales line 
Allieiep cout exekaeag yes KITS, TOOLS, COMPONENTS. S.A.E. CN OLY S809) 
‘Web: www.bowood-electronics.co.uk Catalogue S| R-KIT ELECTRO N ICS 52 


Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, u STE/ART. 
Derbyshire $40 2QR. Sales: 01246 200222 Severn Road, Clacton, CO15 3RB, http:// “KEARN@WIIVBORNECOLK 


Send 60p stamp for catalogue si r- kit.webs.co m 


ADVERTISERS INDEX 


BE MVS UT care ceste tectnston te eecteahe cen are BO: ‘PICO TECHNOLOGY avs a vvevesaieessaasecseateeces 61 
BRUNNING SOFTWARE..........sssseseeeeeeeeees 63 QUASARELECTRONICS......cccccccceveeveveeeees 2/3 
COAST ELECTRONICS 0... ccccccccccceeveeveveevees 39 SHERWOOD ELECTRONICS.......cccccceceveveeeees 61 
COMPACT CONTROLDESIGN ........cccceeeeeeeees TA; “SPIRATRONICS. ssid suainncriutis ascot eoudarreadmrentanter 23 
CRICKLEWOOD ELECTRONICS... .. 0.0 cceeeeeeeeees 61 STEWARTOFREADING ......cccccceeeeeeeeee Cover (ii) 
ESR ELECTRONIC COMPONENTS .........ssssseeeees 6 

JAYCAR ELECTRONICS .. 0... cc cccveeeeeeeeevveeeees 4/5 ADVERTISEMENT OFFICES: 

JPG ELECTRONICS ........c.ccccec cee ee eee eee vene go. =: 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, 

PETE SPE sec cates oth senesced die asad oars » Greece 69 DORSET BH21 1UU 

LABCENTER cis Gatawwes ddvuwnnanneadsooades Cover (iv) PHONE: 01202 880299 

LASER BUSINESS SYSTEMS... ....cccceceeeeeeeeeeas 39 FAX: 01202 843233, 

MATRIX MULTIMEDIA. .......ccccccceseccececveee. 74 EMAIL: stewart.kearm@ wimborne.co.uk 

MICROCHIP... ccc cccccccececcesecveseeeee. Cover (ji) WEB: www.epemag.com 
MIKROELEKTRONIKA.......cscseveesesseseeeeeeees 49 


- For editorial address and phone numbers see page 7 
PEAK ELECTRONIC DESIGN ......... 0.00 e cues Cover (iil) 
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Lab-standard 16-Bit Digital Potentiometer 

Sometimes you need a piece of kit that just doesn’t seem to exist (for under thousands 

of pounds). High up, or even top of this list is a really precise, controllable, bench-top, 
lab-quality potentiometer. Sounds so simple, but to do it properly requires good design, 
care and precision. We've achieved that and kept the price down with our low-cost digital 
programmable voltage divider. It’s used to provide an accurate adjustable output from a 
precision voltage reference for meter and project calibration and numerous other tasks. 


Intelligent 12V Fan Controller 

Does your computer make more noise than it should? It’s probably fan noise. Slowing the 
fans down will reduce the noise, but if you go too far, you could end up with a fricassee 
of CPU! Keep your PC cool and the noise levels down with our Intelligent 12V Fan 
Controller. 


Dual Tracking 0-+ 19V Power Supply - Part 2 

In the current issue, we introduced our new Dual Tracking + 19V Power Supply and 
explained how it works. Next month, we show you how to build the PC boards, install them 
in acase, wire it all up and get it going. Both the mains-powered and plugpack-powered 
versions will be covered. 


Jump Start 

In the July issue, Mike and Richard Tooley build a ‘Battery Voltage Checker’, the third 
project in our new series dedicated to newcomers, or those following courses taught in 
schools and colleges. 


Rechargeable Batteries With Solder Tags 
NIMH NICAD 


C 2.5Ah ; HE ORIGINAL SINCE 


Beta LAYOUT 


PP3 150mAh ... 


Instrument case with edge connector and screw terminals 


Free Stencil 


Size 112mm x 52mm _ x 105mm tall Get a free SMD laser stencil 


This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (mm pitch) and 2 screws to hold the lid on. The cream 
bases have minor marks from dust and handling price £2.00 + 


VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. FITS-OR-NOT ' 
3D PCBs: Hands-on 
collision check 


Assembly servic _ ‘4 


Even one component possible 


4 


866 battery pack originally intended to be z Cool 

used with an orbitel mobile telephone it -<> 

contains 10 1-6Ah sub C batteries (42 x Alu-Core IMS PCBs 
22 dia. the size usually used in cordless 

screwdrivers etc.) the pack is new and 

unused and can be broken open quite 


easily £7.46 + VAT = £8.77 : Free Phone UK: 0800 389 8560 
Please add £1.66 + VAT = £1.95 postage & packing per order sales@pcb-pool.com 


TER Remar lite Be BE eee HM creme 
Shaws Row, Old Road, Chesterfield, $40 2RB. Wain es.274-x corms mor cy 
Tel 01246 211202 Fax 01246 550959 PCB-POOL® is a registered trademark of 
www.JPGElectronics.com ta 
Mastercard/Visa/Switch www.pcb-pool.com E 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday eEeotw's 


Published on approximately the first Thursday of each month by Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. Printed in England by Acorn Web Offset Ltd., 
Normanton, WF6 1TW. Distributed by Seymour, 86 Newman St., London W1T 3Ex. Subscriptions INLAND: £21.95 (6 months); £41.50 (12 months); £78.00 (2 years). OVERSEAS: standard air service, 
£25.00 (6 months); £48.00 (12 months); £91.00 (2 years). Express airmail, £35.00 (6 months); £68.00 (12 months); £131.00 (2 years). Payments payable to “Everyday Practical Electronics’, Subs Dept, 
Wimborne Publishing Ltd. Email: subs@ epemag.wimborne.co.uk. EVERYDAY PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the 
Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out 
or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 


SS! EZ Designed in the UK, 
ZA FS Made in the UK. 


The Atlas LCR (Model LCR40) is now supplied with our new premium 
quality 2mm plugs and sockets to allow for greater testing flexibility. 
Includes new robust gold plated hook probes as standard, others 


available as an option 


Test inductors (from 1uH to 10H), capacitors 
(1pF to 10,000uF) and resistors (10 to 
2MQ). Auto-range, auto-frequency and 


auto component selection 
Basic accuracy of 1.5% (typical 
accuracy specified for 
inductance 100uH-100mH, 
capacitance 200pF-500nF) 
Minimum resolution is typically 
1uH, 1pF and 1. 


Battery, user quide and new 


style hook probes included as standard. 


Optional Probes 


Tel. 01298 70012 
www.peakelec.co.uk 
sales@peakelec.co.uk 


West Road House 


West Road 
Buxton 
Derbyshire 
SK17 6HF 


£70 + VAT 


Visit our website for more detailed 


data or call us for a free datasheet 


£84 inc UK VAT 


+ UK P&P at £3 inc VAT 
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HP8560E SPECTRUM ANALYSER 
30HZ-2.9GHZ with Tracking Generator 
£3,500 
HP8560 SERIES SPECTRUM 
ANALYSER Frequency up to 26GHZ 
Various Models from £2,500-£7,000 


~ —_ 
323°" 33 8 Do. 
io e335 


aod doo 
HP83731A/B 
SYNTHESISED SIGNAL GENERATOR 
1-20GHZ Various Options 
£4,000-5,000 — 


TEKTRONIX TDS784D 
4 Channel 1GHZ 4GS/S 
Opts 05/1M/2M/2C/3C/4C no Probes 
£2,750 


Ls 


7. 

= ** *e «* . 

R&S SMR 40 10MHZ-40GHZ SIGNAL 

GENERATOR Options B1/3/4/5/11/14/17 
£POA 


RACAL 1792 RECEIVER 
£300 


Check out our website, 


ww.stewart-of-reading.co.u 


K 


AGILENT E4402B Spectrum Analyser 
100HZ — 3GHZ with Option 1DN Tracking 
Gen; 1 DR Narrow Res; A4H GPIB, 


HP 35670A FFT Dynamic Signal Analyser 
2 Channel. Unused in original box...£4000 
AGILENT 83752B Synthesised Sweeper 


0:01-20GHZ: vis cccsisaieviccsisceneeess £6000 
HP83711B Synthesised 1-20GHZ with 
Opt IEI Attenuator................::068 £5000 


AGILENT/HP E4431B Signal Generator 
250KHZ-2GHZ Digital Modulation...£2750 
MARCONI 2024 Signal Generator 9KHZ- 
2.4GHZ Opt 04.......... eee £1250 
MARCONI/IFR 2030 Signal Generator 
10KHZ-1.35 GHZ £995 
MARCONI 2022E Synthesised AM/FM 
Signal Generator 10KHZ-1.01GHZ ...£500 
HP8566A Spectrum Analyser 100HZ- 


QOGHIZ: vices Madaideaeredess sh leneidaSeusiee £1950 
HP8568A Spectrum Analyser 100HZ- 
WSOOMAZ: 222: ccccceeccccstecdes acecaeetss £1250 
AVCOM PSA-37D Spectrum Analyser 
WMHZ-4.2GAZ. ciisiiaseca cca sscaneneesatavied £- 
IFR 1200S Service Communication 
MONMOLS ..icicievicsecierssestsisinsssssoeed £1500 


HP6624A Power Supply 0-20V 0-2A 
Twice, 0-7V 0-5A; 0-50V 0.8A 


Special price....-.:..0:c.cccccccceseseceeee £350 
AVO/MEGGAR FT6/12 AC/DC 
breakdown tester..............005 £400-£600 


MARCONI/IFR/AEROFLEX 2025 Signal 
Gen 9KHZ—2.51GHZ Opt 04 High Stab 
Opt 11 High Power etc As New....... £2500 
SOLARTRON 1250 Frequency Response 
Analyser 10UHZ-65KHZ................ £995 
HP3324A Synthesised Function 
Generator 21MHZ.............. 
HP41800A Active Probe 5H 


ANRITSU MS2601A Spectrum Analyser 
1OKHZ-2.2GHZ 500hm..............06 £ 
AGILENT E4421B 250KHZ-3GHZ 

Signal Generator id 


HP53131A Universal Counter Opt 001 


Unused Boxed 3GHZ.............0.... £850 
Unused Boxed 225MHZ............... £595 
Used 225MHZ...........0..::eeeeeeeeees £495 
HP8569B Spectrum Analyser 0.01- 

22 GEIL cba voesicz tsa antenna eeavuneeseaen es £995 
HP54616C Oscilloscope Dual Trace 
500MHZ 2GS/S Colour.............. £1250 
QUART LOCK 10A-R Rubidium 
Frequency Standard................. £1000 
PENDULUM CNT90 Timer/Counter 
/Analyser 20GHZ............:000cee eee £1950 
ADVANTEST R3465 Spectrum 
Analyser 9KHZ-8GHZ...............06:08 £- 


HP Programmable Attenuators £300 
each 

33320H DC-18GHZ 11db 

33321G DC-18GHZ 70db 

Many others available 

AGILENT E3610A Power Supply 0-8v 
0-3A/0-15v 0-2A Unused 

AGILENT E3611A Power Supply 0-20V 
0-1.5A/0-35V 0-0.85V Unused 
HP6269B Power Supply 0-40V 0-50A 


AMPLIFIER RESEARCH Power 
Amplifier 1000LAMB.................. £POA 
MARCONI/IFR 2945/A Radio 
Communication Test Sets with options 
sees... from £3,000 


SPECIAL OFFERS 
MARCONI 2305 Modulation Meter.£295 
MARCONI 6960B Power Meter with 


ANRITSU 54169A 
Scaler Network 
Analyser 0.01- 
40GHZ £POA 


ANRITSU 37247C 
Vector Network 
Analyser 0.04- 
20GHZ £POA 


Many Accessories 
with each unit 


FLUKE SCOPEMETERS 9Q9B Series II 
2Ch 100MHZ 5GS/G 

Dass tecatinsaccscanstdectamsieneteaten from £325 
97 2Ch 50MHZ 25MS/S....... from £225 


MARCONI 2955/A/B Radio 
Communication Test Sets..... from £625 
MARCONI/IFR 6200/6200B Microwave 
VOSt Seticscssscssesdisndusueiesetesdseaasess £- 
HP33120A Function Generator 

100 MicroHZ — 15MHZ Unused Boxed 
Used, No Moulding, No Handle.....£395 
ENI 3200L RF Power Amplifier 
250KHZ-150MHZ 200W 55Db...£POA 


STEWART of READING 
17A King Street, Mortimer, 
Near Reading RG7 3RS 
Telephone: 0118 933 1111 
Fax: 0118 933 2375 
9am — 5pm Monday — Friday 


CIRRUS CRL254 Sound Level Meter 

with Calibrator.......0..0.. ee £95 
CEL328 Digital Sound Level Meter with 
CEL284/2 Acoustical Calibrator........... 


Used Equipment - GUARANTEED 
Prices plus Carriage and VAT 


Please check availability before 
ordering or CALLING IN 


ROUTE FASTER ! 


as 5:3} 
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WITH PROTEUS PCB DESIGN 


Our completely new manual router makes placing tracks quick and intuitive. During track 
placement the route will follow the mouse wherever possible and will intelligently move 
around obstacles while obeying the design rules. 


All versions of Proteus also include an integrated world class shape based auto-router as 
standard. 


PROTEUS DESIGN SUITE reatures: 
Hardware Accelerated Performance. « Board Autoplacement & Gateswap Optimiser. 
Unique Thru-View™ Board Transparency. Direct CADCAM, ODB++, IDF & PDF Output. 
Over 35k Schematic & PCB library parts. Integrated 3D Viewer with 3DS and DXF export. 
Integrated Shape Based Auto-router. Mixed Mode SPICE Simulation Engine. 
Flexible Design Rule Management. Co-Simulation of PIC, AVR, 8051 and ARM7. 
Polygonal and Split Power Plane Support. Direct Technical Support at no additional cost. 


Prices start from just £150 exc. VAT & delivery 


ljabcente r/\ NA SRO nae 


Electronics Visit our website or 


phone 01756 753440 
Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. 3 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com for more details 


